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1.  USES  OF  A FORMAL  ISP  DESCRIPTION 


Digital  systems  can  be  viewed  as  a hierarchy  of  levels:  electronic  circuit, 
logic-combinational  and  sequential,  register  transfer,  programing,  PMS  (Processor, 
Memory,  Switch),  and  network.  For  each  of  these  levels  there  is  a need  to  be  for- 
mal, for  conmuni cation  purposes,  and  to  have  a representation  or  language  that  is 
convenient  to  use  in  the  design  process,  so  that  concepts  can  be  stated  easily  and 
analysis  can  take  place. 

ISP  (Instruction  Set  Processor)  was  first  introduced  by  [Bell  and  Newell,  1971] 
as  a language  for  the  programning  level.  Its  initial  goal  was  to  describe  computers 
in  a systematic  way  and  provide  the  reader  with  the  information  required  to  program 
the  machine,  excluding  implementation  details  (e.g.,  memory  speed,  data  path  organi- 
zation, etc.).  Thus  ISP  can  be  used  to  describe  a machine's  architecture,  as  it  is 
defined  by  the  Computer  Family  Architecture  (CFA)  Selection  Committee. 

Tnere  are  several  uses  of  a formal  architecture  description  in  ISP.  A sampling 
of  some  of  these  uses  that  are  relevant  to  CFA  are  listed  below: 

a.  Simulator.  The  architecture  can  be  simulated/emulated  and  used  to  write 
and  debug  benchmark  programs.  Moreover,  depending  upon  the  simulator  capabil- 
ities, it  can  be  used  to  develop  support  and  application  software,  and  as  a 
training  device. 

b.  Architectural  Evaluation.  The  ISP  can  be  "instrumented"  so  that  the 
relative  efficiency  of  a candidate  can  oe  measured  as  a function  of  architec- 
tural parameters  (e.g.,  the  S,  M,  and  R measures  used  by  the  Coomittee  and 
described  in  Volume  III).  These  architectural  parameters  are  a function  of 
the  dynamic  behavior  of  the  benchmark  programs.  Such  dynamic  behavior  is 
tedious  and  error  prone  to  calculate  by  hand.  Moreover,  in  some  cases  the 
dynamic  behavior  of  a program  may  be  impossible  to  model  analytically  and 
hence  must  be  measured  by  instruction  traces.  Thus  an  instrumented  simulator 
was  the  easiest,  most  accurate  method  of  measuring  dynamic  program  behavior. 

c.  Experimentation.  Once  the  ISP  is  written,  only  moderate  effort  is  re- 
quired to  make  a perturbation  to  the  description.  Thus,  effects  of  architec- 
tural changes  can  be  debugged,  measured,  and  studied  without  committing  any 
funds  to  hardware  development. 

d.  procurement.  Since  the  ISP  is  a concise  definition  of  an  architecture, 
it  can  be  used  as  the  basis  of  a procurement  document  for  its  implementation. 

e.  Verification.  The  ISP  simulation  of  an  architecture  can  be  used  as  a 
standard  to  verify  the  correctness  of  a hardware  implementation  of  the  archi- 
tecture. This  is  done  by  running  verification  programs  on  both  the  ISP  simu- 
lation and  the  hardware  implementation  and  comparing  results. 

Based  on  its  advantages  in  the  evaluation  phase  and  its  continued  useful Iness 
throughout  the  CFA  project,  ISP  was  selected  to  describe  the  three  final  candidates. 
Section  2.  outlines  ISP  while  Section  3.  details  the  ISP  simulator.  Writing  of 
the  candidate  ISPs  and  the  benchmark  program  data  collections  are  treated  in  Sec- 
tions 4.  and  5.,  respectively.  Section  6.  gives  some  further  details  and  reading 
hints  on  the  candidate  ISPs.  Finally,  Section  7.  depicts  the  future  role  of  ISP 
in  CFA.  Appendix  A is  an  ISP  Compiler  and  Simulator  User's  Manual  while  Appendix  B 
contains  the  ISPs  for  the  three  final  candidates.  Appendix  C contains  a sample 
session  in  which  the  simulator  is  used  to  execute  one  of  the  benchmarks. 
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1. 


WHAT  IS  IS*'? 


The  ISP  notation  was  developed  to  fonnalize  the  information  normally  given 
in  basic  machine  manuals  and  if  possible  to  supplement  and  eventually  replace 
what  are  known  as  “prograi.ini ng  reference  manuals."  Hence  the  essential  require- 
ments wore  of  readability,  completeness,  flexibility,  and  brevity. 

a.  Architecture  vs.  Machine  Organization 

In  a hierarchy  of  computer  system  descriptions  there  exists  a level,  the 
programming  level,  in  which  the  basic  components  are  the  machine  instructions, 
operations,  and  the  interpretation  cycle,  all  of  which  are  defined  in  tenns  of 
lower  level  ;iriini  tives,  the  so  called  Register  Transfer  Level. 

Itie  separation  ix.‘tween  a description  and  its  lower  level  realization  per- 
mits the  design  of  "computer  families"  i.e.  multiple  realizations  (iiuppinns) 
of  ti>e  same  high  level  description  in  which  the  behavior  of  a processor  is 
detei mined  by  the  nature  and  sequence  of  its  operations.  This  sequence  is 
given  by  a set  of  bits  in  primary  memory  (a  program)  and  a set  of  interpreta- 
tion rules  (a  central  processor).  Thus,  if  we  specify  the  nature  of  the  opera- 
tions and  the  rules  of  interpretation,  the  actual  behavior  of  the  processor 
depends  on  the  initial  conditions  and  the  particular  program.  Uuring  the  exe- 
cution of  a prograM.  sotiie  set  of  oils  ( i"  instruction)  is  read  from  the  main 
•iiemory  into  an  instruction  register  local 'd  in  the  central  processor.  This 
set  of  hits  tnofi  determines  the  iifiediat  ly  following  sequence  of  operations. 
After  tnis  scguo'ite  has  occurred,  the  nesf.  instruction  to  be  executed  is  de- 
ternin**ii  and  obtaine*!,  and  the  entire  cyule  repeats  itself.  Ihis  interpreta- 
tion cycle  IS  pertorined  by  a part  of  tue  nrocessor  called  tnc  interpreter. 

i.onputers  are  usually  <iescribed  in  I'.H  in  terms  of  tne  following  rela- 
tively tixed  roi'Kit: 

(1)  Heaiory  - Physical  components  wtiich  hold  information  encoded  in 
data.  Among  others,  we  nave;  Hri n.iry-Mcmory  to  hold  programs  and  data. 
Processor-State  and  General  Registers,  Console-State  to  interface  the 
processor  with  the  operator,  Input-(iutput-State  to  interface  the  pro- 
cessor with  external  devices. 

(2)  data-Types  - Which  are  described  in  terns  of  registers  which  could 
irry  information. 

(3)  data-operations  - Defining  data  transformations  that  can  be  carried 
cut  in  terms  of  data -types. 

(4)  Instruction-Pomat  - Specific  instances  of  Uata-lypes. 

(5)  Interpreter  - The  mechanism  of  the  processor  which  fetches,  decodes, 
and  executes  the  instructions. 

(6)  Instruction-Set  - The  definition  of  the  particular  instructions 
that  the  processor  executes. 

This  modularization  of  the  description  allows  the  designer  to  divide  the 
processor  in  conceptually  independent  units  - the  actual  hardware  may  or  way 
not  be  implemented  in  that  way. 
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b.  Implementation  Dependencies 


ISP  can  be  viewed  as  a programming  language  for  certain  class  of  algorithms 
i.e.  Instruction  Sets  Processors  (Architectures).  Ideally,  a language  to  describe 
architectures  would  not  require  the  specification  of  any  implementation  details. 
Unfortunately,  the  ISP  language  does  not  aid  the  person  writing  the  architecture 
description  in  distinguishing  between  truly  architecture  related  items  and  imple- 
mentation related  items.  The  situation  is  similar  to  a common  event  in  program- 
ming: A progranmer  describing  an  algorithm  in  a high  level  language  is  forced 
to  take  into  account  "implementation"  details  that  are  not  part  of  the  algorithm, 
e.g.,  the  word  length  of  the  machine  in  which  the  program  runs  (it  affects  the 
result  ot  the  arithmetic  operations).  Due  to  the  preciseness  of  ISP,  it  is  nec- 
essary to  define  actions  and  registers  which  are  not  technically  part  of  the 
architectural  description.  The  mechanisms  for  doing  functions,  such  as  fetching 
instructions  from  memory,  are  not  seen  by  the  progrannH'r . All  she  or  he  secs  is 
the  execution  of  an  instruction  or  tne  trapping  of  error  conditions  such  as  ex- 
ceeding memory  boundaries.  The  methods  for  fetching  tne  instruction,  determining 
what  it  means,  ano  starting  the  execution  are  left  to  the  implementor.  The  only 
tniii.  that  ttie  programmer  is  aware  of  is  whether  or  not  the  instruction  executes 
its  given  function  ana  how  it  might  fail.  A complete  and  usable  ISP  description 
requires  more  than  just  the  features  a progranmer  would  see. 
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3.  SIMULATOR  CHRONOLOGY  AND  CAPABILITIES 


a.  Chronology 

During  the  spring  of  1975  the  Naval  Research  Laboratory  contacted  the 
Computer  Science  Department  at  Carnegi e-Mel Ion  University  and  expressed 
interest  in  the  use  of  the  ISP  notation  to  write  the  tcrmal  specWication 
of  the  CFA.  CMU  had  been  involved  for  several  years  in  the  development  and 
use  of  ISP  in  design  automation  applications. 

During  the  summer  of  1975.  NRL  initiated  the  design  of  a system  that 
would  permit  the  “instrumented"  simulation  of  the  candidate  architectures. 

The  simulation  facility  was  developed  in  several  phases  to  minimize  the 
risk  of  delays  in  the  completion  of  the  project.  The  compiler/simulation 
system  was  christened  Architecture  Research  Facility  (ARF)  and  is  available 
on  a 'idtiOMwioe  basis  througn  tne  computing  facilities  at  NRL  and  CMU  (the 
latter  are  avail  able  through  the  ARPA  computer  network,  ARPAnet). 

For  the  purposes  of  the  selection  process,  the  first  three  phases  of 
ARF  are  of  interest.  ARF  I was  the  enhancement  of  the  ISP  compiler  avail- 
able at  CMU.  This  included  expanding  internal  tables  to  allow  the  handling 
of  large  computer  description,  the  implementation  of  better  diagnostic  fa- 
cilities, and  the  addition  of  new  features  to  the  language.  This  phase  was 
esseitial ly  completed  by  the  end  of  197b. 

ARF  II  was  a simulation  facility  based  on  an  existing  ISP  simulator 
developed  at  CMU  and  was  used  to  gather  statistics  from  the  benchmark  pro- 
grams. ARF  II  will  oe  the  facility  described  in  the  remainder  of  this 
section. 

ARF  III  was  a completely  new  simulation  facility  designed  and  imple- 
mented at  NRL.  It  was  completed  and  entered  the  testing  phase  while  the 
selection  committee  was  making  its  final  decision.  ARF  111  and  its  succes- 
sors will  continue  to  evolve  and  will  constitute  the  basic  tools  needed  for 
the  modeling  and  verification  of  the  chosen  architecture  in  future  CFA  work. 

b.  Capabilities 

A simulator  is  formed  by  linking  the  output  of  the  ISP  compiler  with  a 
table  interpreting  program.  The  simulator  accepts  commands  from  a teletype 
or  user  designated  command  file.  The  state  of  the  simulator  can  oe  dumped 
to  a command  file  which  can  be  read  at  a future  date  when  the  simulation  is 
continued.  Conmand  files  can  also  be  generated  for  initializing  the  target 
macnine  memory  to  contain  a benchmark  program  (Section  5.  describes  how 
assembler  output  files  were  transformed  into  simulator  conmand  files). 

The  user  interacts  with  the  simulator  through  variable  names  and  labels 
used  in  the  ISP.  The  user  can  start  and  break  the  simulation  on  a label  name. 
After  a breakpoint  the  simulation  is  resumed  on  a continue  comnand.  Vari- 
ables can  have  their  values  displayed  or  set  under  user  control  when  the  sim- 
ulation is  halted.  During  simulation,  the  successive  assignments  of  values  to 
traced  variables  are  displayed  on. the  user's  terminal.  Tracing  allows  the 
monitoring  of  the  progress  of  a simulation  and  provides  a very  powerful  de- 
bugging aid  during  the  testing  phase  of  an  ISP. 
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For  d complete  description  of  the  compiler  and  simulator  capabilities 
the  reader  should  consult  Appendix  A.  A simple  example  of  the  use  of  the 
simulator  is  shown  in  Appendix  C. 


4.  THE  CANDIDATE  ISPs 


As  part  of  the  selection  process,  the  Naval  Research  Laboratory  funded  a 
limited  number  of  projects  with  the  purpose  of  producing  formal  ISP  descrip- 
tions of  the  candidate  architectures.  Carnegle-Mellon  University  has  had  many 
years  of  experience  In  computer  description  languages,  particularly  ISP,  and 
provided  expertise  and  tools  for  the  task.  The  participation  of  CMU  started 
during  the  spring  of  197b  when  Initial  plans  were  drawn  for  the  Implementation 
of  a simulation  facility  that  was  to  be  used  to  verify  the  ISP  descriptions 
and  to  execute  selected  benchmark  programs.  This  simulated  execution  was  to 
be  fully  Instrumented  and  the  measures  obtained  were  used  to  compute  the  R and 
M measures  ot  the  candidate  architectures. 

a.  . ISr^  Seminars 

Following  the  December  CFA  meeting  (Fort  ilonmouth)  it  was  decided  to  or- 
ganize a seminar  with  the  purpose  of  familiarizing  tne  CFA  committee  me<;ioers 
with  tne  use  of  tne  notation.  The  seminar  to^k  place  at  CtlU  ounng  tie  14-lb 
of  January  197o.  Eighteen  people  participated,  representing  many  ot  tne  mem- 
ber organizations.  A second,  smaller,  seminar  took  place  at  CMu  during  the 
of  May  197b.  This  meeting  was  oriented  specifically  to  discuss  the  ISP 
description  of  the  three  final  candidates. 

In  addition  to  the  formal  seminars,  '.everal  Informal  meetings  took  place 
at  CilU  ana  ilKL.  Durlnq  these  meetings  olans  tor  writing  the  ISP  descriptions 
were  considered  and  proolems  and  program  nng  techniques  were  studied. 

b.  Division  or  Labor 

During  the  preli'nnary  phasej  ot  tni  selection  process  it  was  decided  that 
the  task  of  producing  an  ISP  description  tor  a candidate  architecture  was  the 
responsibi 1 1 ty  of  tne  orjanlzatlon  or  suDcotmnl ttee  proposing  the  architecture. 
Early  efforts  from  soine  laembers  of  the  cuiimlttee  allowed  some  of  the  ISP  de- 
scriptions to  be  Initiated  before  the  final  candidates  were  selected.  The 
Naval  Underwater  Systems  Center  (Mew  London)  was  sponsoring  the  candidacy  of 
the  IBM  S/3bU-S/37u  architecture  and  had  already  done  some  work  on  the  descrip- 
tion of  a small  Ifa-bit  version  of  the  IBM  S/3bU.  Dr.  Robert  Gordon  and  Ms. 
Rosenjry  Howbrigg  of  NUSC  worked  during  the  spring  of  197b  on  the  full  IBM 
S/3bu  aescriptlon  and  by  the  time  the  final  candidates  were  chosen  the  ISP  de- 
scription was  close  to  completion.  Or.  Daniel  Siewiorek  of  CMU  had  completed 
a PDr-li  ISP  description  during  the  summer  of  197b.  This  undertaking  was  part 
of  CMj's  work  on  computer  description  languages  and  applications.  The  PDP-11 
description  was  suosequently  modified  and  expanded  according  to  the  CFA  re- 
quirei.ients  for  statistic  collections.  The  Interdata  b/32  presented  a different 
picture.  Ms.  Susan  Zuckerman  of  NRL  started  working  on  the  ISP  description  of 
tne  b/32  as  late  as  April  of  197b,  Out  taking  advantage  of  the  accumulated  ex- 
perience on  large  ISP  descriptions,  particularly  tne  IBM  S/3bU-S/370,  the  Inter 
data  b/32  description  was  completed  on  time  and  the  benchmarks  for  all  three 
machines  were  processed  before  the  23  of  July  I97b  deadline. 

c.  Correctness  of  the  ISD  Descrijtiofts 

Perhaps  one  of  the  most  serious  luestions  to  be  asked  is  how  correct  are 
the  ISP  descriptions  used  In  this  proj.’Ct.  The  answer  lies  in  the  source  of 
the  information  used  to  prepare  tne  descriptions.  All  manufacturers  provide 
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a “Principles  of  Operations"  manual  to  aid  the  programmers.  This  manual  Is 
supposed  to  contain  the  true  specification  of  the  architecture.  By  far.  the 
best  documentation  of  the  candidate  architectures  was  provided  by  IBM.  the 
least  complete  specification  was  that  of  the  Interdata.  Within  IBM.  the  de- 
scription of  the  architecture  Is  the  "Principles  of  Operation"  manuals  (I.e.. 
an  English  description).  DEC  provides  several  manuals,  one  for  each  model, 
and  this  required  going  back  and  forth  between  manuals  when  details  were 
not  clear.  The  description  of  the  Interdata  required  consultation  with  the 
manufacturer  and  some  of  the  Information  was  not  guaranteed  to  be  valid  for 
• later  versions  of  the  H/32.  We  used  the  same  documents,  but  being  humans  It 
Is  possible  that  we  Interpreted  the  English  definition  of  the  architecture 
ultterently  from  the  Implementors.  All  test  cases  whicn  were  run  did  agree 
witii  Identical  test  cases  run  on  real  machines  at  Carnegle-Hel Ion  University 
and  Enterdata.  It  must  oe  rememoered.  though,  that  an  ISP  description  Is 
just  another  computer  program  and  thus.  If  it  Is  to  be  used,  must  be  verified 
as  being  correct.  This  will  require  additional  documentation  of  proprietary 
nature  and  architectural  verification  programs  that  the  manufacturers  have. 

^ This  will  have  to  be  handled  during  the  implementation  phase,  for  the  selected  i 

architecture.  i 


b. 


DATA  COLLECTION 


f Writing  an  ISP  description  for  a large  machine  is  not  a trivial  task. 

The  candidate  architectures  had  large  instruction  sets  and  although  some  fea- 
J tures  were  excluded  from  the  ISP,  writing  many  hundreds  of  lines  of  code  in 

[ a short  period  of  time  was  a very  satisfying  and  remarkable  acnievement  when 

compared  with  software  projects  of  similar  magnitude. 

In  order  to  complete  the  task  on  time  certain  features  of  the  candidate 
architectures  were  not  described.  These  features  were  omitted  on  the  basis 
of  their  importance  to  ttie  CFA  data  collection  phase.  However,  the  ISP  of  the 
selected  CFA  will  be  ful ly  specified  and  will  contain  all  such  features. 

a.  Memory  Management  - All  tnree  architectures  have  a virtual  memory 
management  mechanism,  described  in  their  principles  of  operations  manual. 
;;y  common  agreement  among  the  three  architecture  subcommittees  this  was 
considered  a subsetaole  feature.  The  PDP-11  description  already  had 
this  feature  and  was  later  used  in  one  of  the  benchmarks.  Neither  the 

I loM  S/30U  nor  the  Interdata  8/32  descriptions  have  it. 

b.  Decimal  Instructions  - Only  the  S/360-S/37U  offers  this  option.  It 
was  not  needed  to  run  the  benchmarks.  By  coninon  agreement  among  tne 
architecture  subcommittees  it  was  deemed  subsetable  and  therefore  not 
included  in  the  S/3bU-S/3/U  description. 

c.  Floating  Point  Instructions  - All  three  architectures  offer  a 
Floating  Point  Instruction  Set.  Including  this  feature  in  the  descrip- 
tion would  have  greatly  increased  the  time  and  manpower  requirements 
for  the  task.  The  FP  instructions  are  amono  the  most  cemplex  instruc- 
tions of  any  machine.  By  common  agreement  between  the  architecture 
subcommittees,  floating  point  instructions  were  not  included  in  the  ISP 
descriptions.  However,  since  some  of  the  benchmarks  required  floating 
point  operations,  dummy  procedures  were  included  in  the  descriptions. 

't  This  served  a dual  purpose,  first  it  allowed  us  to  keep  the  correct 

[ counts  needed  to  compute  the  R and  M measures,  and  second,  it  allowed 

t the  detection  of  those  places  where  a benchmark  executed  a floating 

point  operation  and  had  to  be  helped  around  the  trouble  spot  via  simu- 
lation commands, 
r 

I (1.  Error  Handling  - All  three  architectures  define  certain  error  re- 

I covery  procedures  (e.g.,  handling  illegal  operation  codes,  detecting 

t address  boundary  errors,  etc.).  This  feature  was  considered  not  crucial 

' (the  benchmarks  were  for  the  most  part  working  programs  that  had  already 

been  executed  on  real  machines)  and  it  was  up  to  the  ISP  writers  to  in- 
^ elude  it  or  not.  The  S/360-S/370  description  contains  a complete  error 

handling  mechanism,  as  defined  in  the  principles  of  operations.  The 
Interdata  b/32  description  also  has  some  error  detection  and  recovery 
mechanisms.  None  were  included  in  the  PDP-11  description. 

1 a.  Final  Debugging 

All  three  descriptions  were  developed  on  the  time-sharing  facilities  at 
CMU.  The  Advanced  Research  Projects  Agency  Computer  Network  (ARPANET)  pro- 
vided long  distance  access  and  the  descriptions  of  the  S/3bO-S/37u  and  the 
«/32  architectures  were  written,  debugged  and  tested  directly  from  NRL  and 
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NUSC  (New  London).  For  the  final  testing  and  running  of  the  benchiaarts,  the 
people  responsible  for  the  descriptions  met  at  CMU  and  the  collection  of  sta- 
tistics was  performed  In  Pittsburgh. 

Although  most  of  the  benchmarks  were  debugged  and  run  on  the  real  ma- 
chines, other  benchmarks  were  executed  exclusively  under  the  simulator.  The 
latter  Included  those  programs  using  privileged  Instructions  that  were  not 
directly  available  to  non-system  progranmers  (e.g..  Interrupt  and  I/O  hand- 
lers). For  the  former  set  of  benchmarks,  results  from  the  actual  runs  were 
available  and  used  to  check  the  simulated  execution.  For  the  second  class  of 
benchmarks  the  tracing  and  single  stepping  facilities  of  the  ISP  simulator 
were  used  to  verify  the  correct  execution  of  the  programs.  Breakpoints  were 
used  to  detect  the  execution  of  non- Implemented  Instructions  (e.g.,  the  Float- 
ing Point  Set)  and  the  simulated  execution  was  guided  around  these  Instructions, 
taking  care  that  the  machine  status  and  condition  cooes  were  properly  set. 

Although  the  ISP  descriptions  were  essentially  debugged  before  the  l>ench- 
mark  execution  phase  started,  there  were  some  minor  modifications  and  correc- 
tioob  that  had  to  be  done.  These  were  performed  concurrently  with  the  data 
collection  phase.  The  largest  unforeseen  problem  was  presented  by  the  memory 
management  feature  of  the  POP-11  which  was  based  on  the  PDP-11/4U  and  had  not 
been  tested.  One  of  the  benchmarks  (Quick  Sort)  called  for  a large  address 
space  and  required  the  enabling  of  the  feature.  Unfortunately,  the  benchmarks 
haa  oeen  tested  on  a POP- 11/45  which  uses  different  uni  bus  addresses  for  the 
memory  management  registers  and  this  required  minor  modifications  to  the  bench- 
marks. tlost  other  problems  were  of  a simpler  nature  and  required  only  a few 
minutes  to  correct.  It  should  be  noted  here  that  the  simulator  facility  was 
also  used  to  debug  some  benchmarks  for  the  Interdata  8/32  before  they  were 
executed  on  the  real  machine.  This  was  cecause  no  8/32  was  available  near  CMU 
and  a large  turn-around  time  (several  days)  would  have  complicated  the  debug- 
ging of  the  benchmarks. 

b.  Preparation  of  Simulation  Benchmarks 

The  ISP  simulator  provides  commands  for  the  loading  and  Initialization 
of  the  simulated  machine  memory  and  internal  registers.  The  single  most 
important  feature  of  the  command  language  which  permitted  the  fast  execu- 
tion ana  collection  of  statistics  was  the  ability  to  read  “comnand"  files 
containing  the  benchmarks  to  be  executed.  The  command  language  can  not 
handle  pi^  .grams  In  symbolic  form  (assembly  language)  and  requires  the  pre- 
assenbly  of  the  programs  into  absolute,  numeric,  code.  To  this  effect,  a 
set  of  programs  was  developed  at  CMU  which  permitted  the  translation  of 
assent, ly  listing  prepared  by  the  real  machine  assembler  into  simulation 
command  files.  The  operation  was  performed  off-line. 

Three  sets  of  programs  were  prepared,  one  for  each  candidate  architec- 
ture. The  assembly  listings  were  transported  to  CMU 's  PDP-10  using  magnetic 
taoes  (for  the  S/360  and  the  8/32)  or  were  prepared  directly  on  the  PDP-10 
using  a cross-assembler  (for  the  PDP-11).  The  format  of  the  assembly  list- 
ings is  different  for  all  three  machines.  Nevertheless,  In  all  three  cases. 

It  contains  a listing  of  the  relocatable  object  code.  The  procedure  to 
translate  this  relocatable  code  Into  simulation  command  files  consisted  of 
the  Isolation  of  the  code,  the  modification  of  the  relocatable  addresses 
using  a user  specifier,  base  address  (multiple  base  addresses  can  be  speci- 
fied for  the  different  control  sections  of  the  S/36U),  and  the  generation 
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of  the  iSP  simulator  commands  loading  the  sir.iulated  machine  memory  locations 
with  the  code. 

A total  of  114  simulation  runs  were  executed.  They  correspond  to  a total 
of  7U  different  benchmarks  (some  benchmarks  called  for  several  test  cases,  in 
other  instances  a benchmark  had  to  be  divided  into  separated  sub-cases).  The 
70  benchmarks  were  divided  as  follows:  26  for  the  POP-11,  22  for  each  of  the 
IBM  S/360-S/37U  and  Interdata  8/32.  The  appendix  includes  several  examples  of 
the  command  files  used  to  simulate  the  benchmarks. 

. Counter  Setting,  Dumping,  and  Data  Reduction 

The  ISP  simulator  permits  the  instrumentation  of  an  ISP  description  by 
associating  activity  counters  with  each  of  the  machine  registers  and  i-Kmiories. 
These  counters  allow  the  collection  of  statistics  indicating  tne  numoer  of 
times  each  component  of  the  machine  is  read  from  or  written  into.  A non;ial- 
ized  count  is  used  and  the  counters  are  updated  in  terms  of  the  numoer  of  U-bit 
bytes  actually  involved  in  the  operation.  For  registers  with  length  different 
from  a multiple  of  8 bits  the  length  count  is  rounded  up  (i.e.,  a lu  oit  regis- 
ter operation  counts  as  2 oytes).  A separate  counter  is  kept  for  each  label 
in  the  ISP  description.  Labels  are  included  in  the  ISP  descriptions  to  identify 
machine  instructions,  addressing  modes,  loops  (used  to  describe  vector  like  in- 
structions such  as  inove  character  (MVC)  on  the  S/3bU),  as  well  as  other  ISP  pro- 
cedures. During  the  execution  of  the  benchmarks,  a data  base  was  created  oy 
collecting  dumps  of  the  counters  after  each  benchmark  was  completed.  The 
files  containing  the  counters  were  then  processed  by  other,  off-line,  pro- 
grams in  order  to  arrive  at  tne  M and  R measures. 

d.  Artificial  Laoels  in  the  ISP  Descriptions 

Certain  modif ications  not  normally  needed  were  made  to  the  ISP  descrip- 
tions to  aid  in  the  collection  of  data  during  tne  running  of  the  benchmark 
programs  for  the  CFA  project.  Several  labels  and  “do-nothing"  procedures 
were  added  to  allow  easier  measuring.  These  should  not  be  looked  at  as  nec- 
essary for  the  architecture  description.  A typical  example  of  the  need  for 
the  extra  labels  is  given  in  the  RX  instructions  of  the  S3fa0:  Register  [u] 
can  not  be  used  as  an  index  register  and  it  was  necessary  to  count  tne  num- 
ber of  times  that  Register  [u]  was  being  specified  as  the  Base  or  Index  reg- 
ister. The  labels  added  to  count  these  events  are  clearly  not  part  of  the 
architecture  or  even  the  organization.  Certain  items,  such  as  modifying  the 
program  counter  during  a branch  operation  or  the  setting  of  condition  codes 
as  a result  of  an  instruction,  were  not  to  be  measured  in  any  of  the  three 
architectures  for  the  CFA  project.  This  required  the  addition  of  artificial 
laoels  that  were  used  to  identify  portions  of  the  description  during  which 
counting  of  events  was  disabled.  This  was  typical  of  those  actions  which  in 
a reasonable  implementation  would  be  done  using  ad-hoc  circuitry,  aside  from 
the  main  operational  units  of  the  machine  and  thus,  were  not  considered  to 
affect  the  R measure. 
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6.  THE  CANDIDATE  ISPs  - READING  HINTS 

a.  The  ISP  Description  of  the  IBM  S/360 

In  writing  the  ISP  description  of  the  IBM  S/36U  family  of  computers,  a 
subset  of  the  architecture  was  chosen.  It  included  the  entire  standard 
instruction  set,  the  protection  feature  instructions,  and  the  direct-control 
feature  instructions.  It  excluded  floating-point  and  decimal  instruction 
definitions.  These  choices  were  made  due  to  limitations  of  time  and  person- 
nel. It  should  be  noted  that  IBM  markets  four  instruction  sets  in  the  S/36U 
line.  These  are  the  Standard  set,  the  Commercial  set  (Standard  plus  decimal), 
the  scientific  set  (Standard  plus  floating-point),  and  the  Universal  set 
(Standard  plus  decinal  plus  floating-point  plus  storage  protection).  Timer 
and  direct-control  features  are  additional  options.  Uue  to  the  upward  com- 
patioility  between  the  IBM  System/ JoO  and  tne  IBM  System/3/U  lines,  the 
generated  description  could  be  expanded  to  achieve  the  IBM  System/3/U  de- 
scription, but  the  level  of  effort  reguireu  for  this  would  be  substantial. 

i-or  the  purpose  of  extracting  data  tor  CFA  decisions  and  for  increasing 
tne  ease  of  running  the  simulator,  several  additional  choices  were  made. 

(1)  The  diagnose  instruction,  which  has  a model  dependent  definition, 
was  not  v/ritten  to  directl>  ^orres  and  to  any  particular  model.  It  was 
liioditi'd  rul  used  n aiding  the  Ler..ii nation  of  a simulation  run. 

(2)  Since  several  aenchiaark  progra  i authors  wanted  to  use  the  compare 
logical  icng  (CLCL)  instruction  of  the  IBM  System/3/U  architecture,  it 
was  added  to  allow  for  collecting  .ata,  but  was  not  a true  description 
of  the  instruction  since  it  was  not  written  as  an  interruptible  instruc- 
tion. 

(3)  Tne  test  and  set  instruction  uis  not  described  since  no  adequate 
mechanism  in  tiie  ISi'  simulator  allowed  for  a true  execution  of  the 
mechanics  of  tne  instruction  within  one  ISP  program.  A second  parallel 
process  should  be  defined  for  the  main  memory  control  unit.  The  same 
holds  true  for  the  I/O  channel  definition. 

(4)  The  front  panel  was  minimal.  Only  a stop/run  switch  was  included. 
Initial  Program  Loading  (IPL),  which  is  a front  panel  function,  was  not 
described. 

Information  necessary  to  write  the  description  was  obtained  from  the 
"IBM  .ystem/BbU  Principles  of  Operation"  and  the  "IBM  Systeffl/37u  Principles 
of  Operation"  manuals.  For  the  subset  of  the  architecture  described,  it  was 
not  necessary  to  request  further  assistance  and  explanations  from  the  manu- 
facturer. Side  effects  of  instructions  were  adequately  described  in  the  man- 
uals. Itodel  dependencies  were  also  clearly  enumerated.  Instruction  formats 
and  addressing  mechanisms  were  well  defined  and  logically  constructed.  No 
ambiguities  were  discovered  that  couldn't  be  resolved  using  only  tne  "Prin- 
ciples of  Operation"  manuals.  This  is  not  intended  to  imply  that  it  would 
not  be  necessary  to  get  further  clarifications  from  IBM  when  describing  the 
more  complex  supervisor  state  instructions  in  the  System/37u.  In  addition, 
we  noted  that  some  of  the  privileged  state  features  of  the  System/370  are 
very  model  dependent  and  will  probably  be  more  so  in  the  future.  IBM  may 
maintain  compatibility  at  the  problem  state  level  only. 
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For  reading  ease,  this  ISP  description  consists  of  several  sections: 


Section  1:  The  first  section  contains  declarations  and  is  divided  into 
two  areas.  First  are  the  declarations  which  are  part  of  the  architec- 
ture cascription  (i.e.,  those  seen  by  a progranmer).  Next  are  implemen- 
tation related  variables  which  were  items  needed  to  adequately  describe 
the  architecture  in  ISP  but  are  not  seen  by  a programmer.  It  was  di- 
vided in  this  way  since  the  ISP  language  makes  no  distinction  between 
truly  architecture-related  items  and  items  necessary  for  a complete 
simulation  of  the  architecture. 

Section  2:  T'ne  second  section  contains  utility  routines  which  were 
usea  throughout  the  description.  Some  routines  are  implementation 
related  if  tney  use  implementation  related  variaoles. 

:>ection  3:  The  third  and  largest  section  contains  operand  address  gen- 
eration routines  and  instruction  descriptions.  The  instruction  set  is 
divided  into  four  groups,  each  having  a different  amount  of  address 
generation  required. 

Section  4:  The  fourth  section  contains  the  interrupt  processing  descrip- 
tion of  the  architecture.  The  order  of  handing  the  different  classes  of 
interrupts  ano  the  actual  processin  is  tnoroughly  oescriued  in  the  IBM 
manuals.  This  is  very  unique  in  oi  architecture  description  from  a man- 
ufacturer. A user  gains  a sense  of  reliaoility  aoout  the  system,  knowing 
that  the  real  sequence  of  events  that  will  occur  on  an  interrupting  con- 
dition allows  the  machine  to  recover  from  certain  simultaneous  hardware 
and  software  faults. 


Section  b:  The  fifth  section  contains  the  instruction  decoding  and  in- 
struction cycle  routines  which  feten  and  execute  an  instruction.  Every- 
thing to  this  point  is  considered  cc  be  declarations  in  the  ISP  language. 
Since  all  procedures  must  be  defi-e..  before  they  are  referenced,  the  last 
and  smallest  section  contains  only  the  executable  program.  The  execution 
consists  of  doing  one  instruction  and  checking  for  interrupts  whenever 
the  CPU  is  not  stopped;  then  repeating  the  cycle. 

b.  The  ISP  Description  of  the  Interdata  8/31' 

The  Interdata  8/32  ISP  description  is  organized  into  seventeen  sections. 
The  description  omits  the  I/O  instructions,  the  floating  point  and  double  pre- 
cision registers  and  instructions,  and  the  tiAC  (memory  access  controller)  oper- 
ations. The  ISP  description  is  considered  as  both  a simulation  program  (and 
therefore  structured)  and  as  a machine  specification  description. 


Section  1:  Interdata  8/32  storage  resources  as  seen  by  the  systems  pro- 
grammer (memory  organization,  register  sets,  program  status  word,  instruc- 
tion register). 


Section  2: 
tion. 

Section  3: 
Section  4: 


Temporary  registers  used  for  ISP  description  and  implementa- 

ISP  common  subroutines  used  in  later  instruction  descriptions. 
Interdata  instruction  format  routines. 


12 


Section  5 


i 


Illegal  Instruction  handler. 

Section  6:  Interdata  LOAD  and  STORE  Instruction  descriptions. 
Section  7:  BOOLEAN  Instructions. 

Section  8:  SHIFTS,  TEST  & SET,  and  TRANSLATE  Instructions. 
Section  9:  COMPARE,  and  CONVERT  to  HALFWORD  VALUE  Instructions. 


Section  10 

Section  11 

Section  12 

Section  13 

Section  14 

Section  15 
precision) 

Section  16 


BIT  manipulation  Instructions. 

Arithmetic  instructions. 

BRANCH  Instructions. 

CIRCULAR  LIST  Instructions. 

Privileged  Instructions  and  SUPERVISOR  CALL  instructions. 
Unimplemented  instructions  (floating  point,  I/O,  double 

Emulation  routines  for  ISP  (IFETCH,  IXQT,  INTCHK) 


Section  17 


Main  instruction  loop:  EMULATE. 


The  Interdata  8/32  Manual  omits  discussion  of  instruction  effects  when 
non-standard  (unexpected)  parameters  are  specified  In  an  Instruction.  For  ex 
ample:  What  happens  if  an  odd  register  is  given  and  the  Instruction  expects 
an  even  register?  What  happens  if  memory  boundary  addressing  is  not  adhered 
to?  Conversations  with  Interdata  personnel  were  needed  to  clarify  these  and 
other  questions.  The  ISP  description  reflects  the  Interdata  8/32  operations 
as  specified  by  the  manual  and  personnel. 


c.  The  ISP  Oescriptioti  of  the  PDP-11  ■ 

i 

The  PDP-11  line  consists  of  13  different  models.  In  general  the  models  j 

are  upward  program  compatible  but  there  are  instructions  implenonted  in  low  ] 

end  models  that  are  not  Implemented  in  high  end  models  and  vice  versa.  The 
Initial  PDi-ll  description  was  modelled  after  the  11/40,  a mid-range  machine. 

Subsequently,  the  PDP-11/7U  was  specified  by  the  CFA  selection  committee  as  the 
official  PDP-11  architecture  to  be  evaluated.  Therfore  the  ISP  was  updated  to 
incorporate  the  extra  instructions. 


Several  features  of  the  architecture  were  omitted  from  the  description, 
and  this  situation  will  have  to  be  corrected  in  the  future:  The  floating 
point  instructions,  the  interrupt  mechanism,  and  the  error  detection  and  re- 
covery mechanism.  It  should  be  noted  here  that  there  exist  two  different 
floating  point  instruction  sets  in  the  PDP-11  line,  and  that  the  memory  man- 
agement facility  is  not  homogeneous  across  different  models.  These  discrep- 
ancies will  be  resolved  and  an  11/70-compatible  architecture  will  be  specified 
in  the  final,  formal  ISP. 
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Following  is  a page  by  page  description  of  the  ISP: 

Page  2-1.  The  primary  memory  and  mappings  (note  word/byte  memory  and 
I/O  page),  central  processor  registers,  and  the  floating  point  proces- 
sor status  register. 

Page  3-1.  The  PDP-11/4U  memory  management  registers  and  error  registers 
that  allow  an  instruction  retry. 

Page  4-1.  Temporary  registers  not  seen  by  progranmer.  These  registers 
are  necessary  to  completely  define  the  algorithms  performed  by  the  hard- 
ware (such  as  address  calculation)  but  these  registers  are  not  part  of 
the  architecture. 

Page  b-1.  Instruction  decoding  formats. 

Kage  b-1.  Start  of  the  procedures  ilemory  accessing  procedures, 
rage  7-1.  Effective  address  calculating  procedures. 

Page  a-1.  Conaition  code  setting  procedures. 

Pages  g throufi  lb.  These  are  th  • octual  instruction  definitions. 

Similar  i ns  true ti cos  are  grouped  together  into  classes  that  follow  the 
several  levels  ot  dei-ooing  that  th  ' hardware  must  go  through. 

Page  lo-l.  The  instruction  interpretation  cycle. 

Dur’ng  the  course  of  the  benchmark,  debugging  and  data  gathering,  several 
benchmarks  made  use  of  instructions  not  previously  described  in  the  ISP.  These 
added  instructions  included  SOB,  MUL,  OIV,  ASH,  and  ASHC. 
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7.  FUTURE  USES  OF  ARF  IN  CFA 

As  stated  in  Section  1.,  Uses  of  a Formal  ISP  Description,  ARF  will  con- 
tinue to  play  a role  in  architectural  experimentation,  development  of  a procure- 
ment document,  and  verification  of  implementations  of  the  CFA  architecture.  In 
addition,  ARF  and  other  ISP  driven  software  tools  are  finding  an  expanding  use 
in  the  OoO  and  ARPA  conmunity.  Some  of  these  uses  include: 

a.  An  emulator  facility  developed  for  the  Air  Force  by  the  University  of 
Illinois  compiles  code  for  a PDP-lU  directly  from  an  ISP  description.  An 
Intel  8u8U  runs  at  about  a 3UU:1  simulation  ratio.  The  facility  will  be 
used  to  debug  and  monitor  large  tactical  programs  for  existing  machines, 
it  will  also  be  possible  to  write  code  for  machines  before  the  hardware  is 
available  for  users. 

u.  Even  faster  emulation  speeds  are  possible  when  using  microcode.  TRW 
compiles  microcode  for  a QM-l  from  a SMITE  description.  They  have  achieved 
an  11:1  simulation  ratio  for  an  Intel  8080.  SMITE  is  an  ISP-like  language 
and  a program  is  being  written  to  translate  ISP  descriptions  into  SMITE. 

c.  The  potential  for  tools  that  operate  relative  to  a computer  descrip- 
tion could  represent  a significant  breakthrough  in  the  manner  that  computer 
systems  (hardware/software)  are  designed  and  evaluated.  Currently  effort 
IS  underway  at  Carnegi e-Mel Ion  University  to  develop  a hardware  design 
automation  program  and  a compiler-compiler  that  take  as  input  the  symbolic 
description  of  a computer.  Early  results  indicate  tnat  the  resultant  hard- 
ware design  and  generated  code  will  oe  comparable  to  those  produced  by  hand. 
Effort  is  also  underway  at  Yale  to  automatically  generate  assemblers  and 
I/U  device  handlers  from  computer  descriptions. 

d.  Other  areas  in  the  early  stages  of  development  include  automatic  diag- 
nostics generation,  microcode  generation,  machine  verification,  and  high 
level  perforniance/rel iability  evaluators. 

In  the  next  five  to  ten  years  one  can  envision  a system  of  programs  that 
take  as  input  computer  descriptions  and  language  and  problem  specifications, 
and  from  these,  generate  operating  systems,  compilers,  and  other  support  and 
application  software  automatically.  Thus  the  entire  proposed  architecture 
coulo  ue  evaluated  without  committing  too  many  years  of  effort  in  both  hard- 
ware iud  software  design. 

It  is  hoped  that,  with  the  software  tools  already  developed,  formal  com- 
puter uescriptions  will  play  an  increasing  role  in  the  Department  of  Defense's 
evaluation,  procurement,  verification,  and  programming  of  computers. 
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ABSTRACT 

The  compiler  described  in  this  manual  will  translate  programs  written  in  a subset 
of  ISP  [Bell,  1971]  into  register  tramfer  level  instructions.  The  code  thus  generated 
could  be  used  for  the  implementation  of  wiring  list  generators,  simulators,  or  other 
Computer  Aided  Design  applications.  This  manual  describes  the  syntax  and  semantics  of 
the  language  (ISPL)  accepted  by  the  compiler. 
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The  Symbolic  Manipulation  of  Computer  Descriptions: 

ISPL  Compiler  and  Simulator 

The  Department  of  Computer  Science  at  Carnegie-Mellon  University  is  currently 
engaged  in  a research  project  exploring  the  uses  of  computer  description  languages  in 
the  automatic  design  of  both  software  and  hardware  systems.  This  document  describes 
a language,  ISPL,  based  on  the  Instruction  Set  Processor  notation  of  Bell&Newell 
[Bell, 1971],  The  language  was  designed  as  a tool  for  the  description  of  instruction  sets 
i.e.  the  architecture  of  a computer,  and  has  been  used  extensively  in  a design 
automation  project  at  CMU  [SiewioreK,I976]  and  in  the  Army/Navy  Computer  Family 
Architecture  Project. 

Traditional  computer  description  languages  have  been  designed  primarily  for 
human  communication  and/or  simulation.  The  SMCD  [Barbacci,1974]  project  has  the 
more  ambitious  goal  of  developing  design  automation  tools  which  would  permit  the 
generation  of  machine -relative  software,  documentation,  hardware  modular  design, 
program  verification,  simulation,  and  generation  of  microcode.  As  in  any  evolutionary 
project,  preliminary  results  are  necessarily  short  of  the  ultimate  goal;  thus  at  this  point 
we  can  present  two  concrete  systems:  a compiler  and  a simulator.  A machine-relative 
compiler-compiler  is  being  investigated  by  a group  under  W.  Wulf.  An  automatic 
generator  of  hardware  modular  specificatiorts  is  being  developed  by  a group  under  D. 
Siewiorek  and  A.  Parker.  Further  studies  of  computer  descriptive  languages  are  being 
carried  out  by  this  author  and  others. 

As  indicated  above,  the  systems  described  in  this  report  have  been  used  as  part 
of  the  Army /Navy  CFA  project,  sponsored  by  the  Army  Electronics  Command  and  the 
Naval  Research  Laboratory.  Part  of  the  project  involved  the  description,  in  ISPL,  of 
three  commercial  architectures:  The  DEC  POP-11,  the  IBM  /360,370,  and  the  Interdata 
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8/32  These  descriptions  were  used  to  collect  statistics  on  the  execution  of  a set  of 
benchmark  programs  under  the  ISPL  simulator.  Although  the  simulator  is  not 
particularly  last,  its  interactive  facilities  allow  very  extrict  control  and  detailed  analysis 
of  the  register  transfer  operations  being  performed  during  the  fetch/decoJe /execute 
cycle  of  the  machines.  The  simulator  was  not  meant  lo  be  used  as  a software 
development  tool  (although  in  fact,  some  Cf  A benchmarks  for  the  Intei'Jata  8/32  were 
debugged  under  the  simulator,  it  being  moie  accessible  at  CMU  than  the  real  machine), 
it  is  rather  an  Archi'ectural  Design  tool  that  a'lows  the  user  lo  explore  alternative 
instruction  sets  and  to  collect  statistics  on  the  performance  of  the  architectures. 


Mario  R.  Barbacci 
August  2,  1976 
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i.  Introduction 

The  ISP  <tor  Instruction  Set  Processor)  notation  was  developed  for  a text  [Bell, 
1971]  to  precisely  describe  the  programming  level  of  a computer  in  terms  of  its 
memory,  instruction  format,  data  types,  data  operations,  and  a set  of  interpretation 
rules. 

The  behavior  of  a processor  is  determined  by  the  nature  and  sequence  of  its 
operations.  This  sequence  is  given  by  a set  of  bits  in  primary  memory  (a  program)  and 
a set  of  interpretation  rules  (usually  in  the  central  processor).  Thus  if  we  specify  the 
nature  of  the  operations  and  the  rules  of  interpretation,  the  actual  behavior  of  the 
processor  depends  on  the  initial  conditions  and  a particular  program. 

Although  the  above  format  is  commonly  used  to  describe  a digital  computer,  ISPL 
is  not  intended  to  force  the  user  into  a given  description  style;  ISPL  can  be  used  to 
describe  register  transfer  systems  in  general  (digital  computers  are  a subset  of  such 
systems,  namely  those  systems  that  interpret  an  instruction  set). 

The  subset  of  ISP  implemented  by  the  compiler  under  discussion  contains  a 
number  of  features  that  allow  the  user  to  describe  a wide  variety  of  digital  systems: 
Pseudo  register  declarations,  macros,  and  compound  statements.  For  efficiency  reasons, 
certain  other  features  described  in  [Bell,  1971]  are  not  implemented.  Among  these  are: 
multidimensional  memory  arrays,  parameterized  procedures,  multiple  word  access,  and 
scattered  bit  access.  However  byte  access  is  implemented. 

An  ISPL  program  consists  of  a description  of  the  memory  components  (memories 
and  registers)  and  a description  of  the  behavior  of  the  system.  Memory  components 
are  defined  in  ISPL  by  a name  and  a description  of  their  structure  using  brackets  to 
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group  the  subcomponents  along  a given  dimension.  In  the  current  implemention  the 
only  subcomponents  allowed  are  memory  words  and  bits  (as  subcomponents  of  memory 
words  and  registers).  The  behavior  of  the  system  is  given  by  a set  of  register 
transfer  statements.  These  statements  can  be  performed  in  sequence  or  concurrently. 
In  ISPL,  concurrency  of  actions  is  the  rule  rather  than  the  exception,  and  it  is  reflected 
in  the  use  of  T as  a delimiter  for  lists  of  concurrent  actions.  Sequencing  is  expressed 
by  using  the  term  "next”  as  a delimiter  for  lists  of  sequential  actions.  Complox 
concurrent  and  sequential  activities  can  be  described  in  terms  of  simpler  activities 
using  "next",  "(",  and  ")"  in  an  Algol-like  block  structure. 

The  ISPL  compiler  produces  code  for  an  idealized  Register  Transfer  Machine. 
There  are  two  types  of  instructions  in  the  RTM;  Data  and  Control  instructions.  Control 
instructions  are  used  to  sequence  the  operation  of  the  machine.  They  contain 
instructions  to  START,  STOP,  BRANCH,  DIVERGE  into  concurrent  execution  paths,  etc. 
The  Data  instructions  are  used  to  define  the  Arithmetic  and  Logical  operations  among 
the  registers  of  the  machine.  They  are  described  in  terms  of  a 3-address  format: 

dexiinalion  *-  Mourettl  operation  aeereei 

The  RTM  code  produced  by  the  compiler  is  presented  in  two  formats.  The  first 
format  is  simply  a tabular  listing  intended  primarily  for  human  use.  The  second  format 
is  intended  primarily  for  machine  consumption.  The  human  intended  tabular 
representation  could  be  digested  by  suitable  string  manipulating  programs  and  stored 
into  a more  convenient  machine  format.  Several  reasons  argued  against  this  approach: 
depending  on  the  language  used,  writting  these  interface  programs  might  involve  a non 
trivial  amount  of  work.  Worse  yet,  any  format  modification  intended  to  help  human 
readers  will  render  these  programs  obsolete.  The  solution  adopted  was  to  produce 
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another  copy  of  the  RTM  code  directly  into  a machine  understandable  format.  Thus  the 

I 

version  of  the  RTM  code  intended  for  machine  use  is  created  as  a "program"  using 
MACRO- 10  as  the  intermediate  language.  The  format  of  these  programs  is  described  in 
the  appendices. 

I 

I 

I 

^ " ! 


ISPL  Compiler:  User’s  Manual 


L 2.  Declarations 


i 

[ 


There  are  two  types  of  declarations  in  ISPL:  Memory  Declaratior>s  (explained  in 
this  section)  are  used  to  describe  the  structure  of  the  registers  and  nwmories  in  a 
machine;  Procedure  Declarations  (explained  in  later  sections)  are  used  to  describe  the 
behavior  of  the  functional  units  in  a machine. 

2.1.  Memories  and  Registers 


Memory  components  are  defined  in  ISPL  by  a name  and  a description  of  their 
structure.  The  number  of  subcomponents  at  each  level  of  decomposition  is  given  by  a 
bracketed  list  of  constants,  much  like  an  array  declaration  in  Algol. 


declaration- part 
declnration-li*t 

declaration 


procedure-declaration 

memory-declaration 

Uructure-declaration 


word-list 
bit -list 
name-list  ::• 

element-range  :;<* 


DECLARE  declaration-list  ERALCEO 
declaration  | 

declaration-list  ; declaration 
memory-declaration  | 

memory-declaration  :>  mcmory-deelaration  | 
procedure-declaration 
identifier  :°  ( siaicmeni-(Ml  ) 
identifier  structure-declaration 
[ word-list  ] < bit-list  > \ 

[ word-list  ] < > I 

< hit-list  > I 

< > 

name-list 
name-list 
element-range  | 
name-list  , element-range 
number  | number  : number 


The  declarations  are  given  by  a list  of  individual  component  declaration  using  V 
as  delimiter.  There  are  two  types  of  memory  declarations:  1)  A definition  of  a physical 


component  (physical  declaration),  and  2)  A definition  of  a logical  component  (logical 
declaration)  in  terms  of  a previously  declared  (physical  or  logical)  component.  A logical 
declaration  uses  the  operator  to  make  an  equivalence  between  two  components. 


j 
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Examples 

A<15:0>  Declares  A as  the  name  of  a register  16  bits  wide, 

named  15, ...  0 (from  left  to  right).  The  or 
range  operator  is  used  to  denote  an  abreviated 
list  of  subcomponent  names. 

Mp[0:4095]<0:l  1>  Square  brackets  are  used  to  specify  those 

dimensions  where  the  accessing  is  done  through 
some  "addressing"  (switching)  schema.  The 
memory,  Mp,  consists  of  4096  words,  each  of  12 
bits,  named  (from  left  to  right)  0, !,...!  1. 


R<15,13,1 1,9;10>  In  general,  the  list  of  subcomponents  along  any 

dimension  is  given  by  a list  of  "names"  for  the 
individual  subcomponents.  Numbers  used  to  name 
individual  elements  do  not  indicate  relative 
position. 

Mw[32767:0)<15.-0>; 

Mb[65535:0]<7K)>:-Mw[32767K)]<15K)>;  Now  the  designer  can  use  either  Mw  (the 

"word"  memory)  or  Mb  (the  "byte"  memory). 


The  only  concession  to  the  use  of  numbers  as  both  names  and  position 
indicators  is  by  using  the  range  (":")  operator,  whereby  the  abreviated  list  consists  of 
the  bounds  and  all  integers  in  between,  with  the  implication  that  these  consecutive 
numbers  also  name  consecutive  (from  left  to  right)  elements.  The  use  of  an  empty  bit- 
list  (<>)  indicates  a single,  unnamed  bit. 

Undeclared  variables  or  multiple  declarations  of  a variable  are,  usually,  non-fatal 
errors.  The  compiler  will  warn  the  user  it  this  situation  arises.  The  compiler  compares 
the  ler>gths  (NwordsaNbits)  of  the  left  and  right  har>d  sides  of  a logical  declaration;  if 
the  lengths  do  not  match  a warning  is  issued. 


2.2.  Macros 


A different  type  of  declaration,  the  MACRO  declaration,  allows  the  designer  to 
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abreviate  the  description  by  naming  often  used  strings  of  characters.  The  macro  name 
can  then  be  used  instead  of  the  full  string.  The  format  of  a macro  declaration  is  the 
following: 

MACRO  idrntifiifr  any-string-of-characters-not-containing-a-l-sign  t 
Macros  are  handled  in  its  entirety  by  the  lexical  phase,  thus  the  parser  never 
"sees”  a macro  expansion.  Macros  can,  therefore,  be  declared  at  any  point  in  the 
description,  not  necessarily  in  the  declaration  part,  and  remain  in  effect  until  the  end 
of  the  description. 

Examples 

MACRO  SIGNBIT  ACC<0>  I The  use  of  SIGNBIT  some  time  later  in  the 

description  is  equivalent  to  using  ACC<0>.  Macros 
are  strictly  in-line  string  substitutions. 

A macro  can  be  defined  in  terms  of  other  macros  and  the  user  should  be  careful 
to  avoid  a recursive  definition  which  would  create  a non-terminating  string 
replacement  loop. 

There  are  implementation  dependent  limits  on  the  size  of  a macro  string.  If  a 
macro  declaration  exceeds  this  limit  (1000  characters  at  present)  a warning  will  be 
issued.  Results  might  be  unpredictible  if  this  situation  occurs. 

i 2.3.  Kentifiers  and  Constants 

An  identifier  in  ISPL  is  a string  of  letter,  digits,  and  "."’s,  beginning  with  a letter; 
I the  is  included  as  an  identifier  character  for  readability  purposes.  In  the  current 

implementation  only  the  first  6 characters  of  an  identifier  are  Kept  by  the  compiler. 
Identifiers  must,  therefore,  differ  in  the  first  6 characters  for  the  compiler  to 
I distinguish  them.  The  lexical  phase  accepts  upper  and  lower  case  ASCII  characters  but 
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they  are  converted  and  stored  internally  as  upper  case  characters.  This  is  another 
limitation  of  the  implementation. 

For  readability  purposes,  identifiers  can  be  followed  by  a larger  and  more 
descriptive  version  of  the  identifier.  This  secondary  identifier  is  treated  like  an  inline 
comment  by  the  lexical  phase.  The  syntax  tor  this  extended  identifier  use  is: 

short.idenfifier\this  is.a.Iong.identificr 

An  extended  identifier  can  be  appended  to  a short  identifier  using  the  "\" 
character.  Such  compound  identifiers  are  valid  wherever  an  identifier  is  valid.  Notice 
that  this  is  not  the  same  thing  as  an  "alias",  as  described  in  the  full  language  [Bell, 
1971].  The  secondary  name  is  stripped  by  the  lexical  phase  and  the  designer  must 
use  the  primary  name  tnr  identification  purposes. 

Constants  are  strings  of  cigits,  interpreted  as  a number  in  some  base.  The 
default  base  is  10  (i.e.,  constants  are  decimal  numbers  unless  otherwise  specified). 
Constants  in  base  8 (octal  numbers)  must  be  tagged  with  the  character  »,  as  in  *100 
(decimal  64).  Constants  in  base  2 (binary  numbers)  must  be  tagged  with  the  character 
as  in  ’100  (decimal  4).  Constants  in  base  16  (hexadecimal  numbers)  must  be  tagged 
with  the  character  ",  as  in  "A1  (decimal  161).  The  length  of  a constant  is  the  minimum 
number  of  bits  needed  to  represent  it  (i.e.  leading  O’s  are  stripped).  The  constant  0 is 
1 bit  long.  The  current  implementation  of  the  compiler  limits  constants  to  a maximum 
size  of  35  bits. 

2.4.  Comments 

Comments  can  be  inserted  in  a description  by  preceeding  the  comment  string 
with  the  character  "!".  All  characters  following  the  "!"  until  the  end  of  the  line  are 
ignored. 
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3.  Reeister  Transfers 

Register  Transfers  are  used  to  describe  the  data  operations  on  the  memories 
and  registers  (the  data  components)  of  the  system.  The  syntax  of  a transfer  follows 
very  closely  that  of  most  programming  languages.  The  main  difference  is  the  use  of 
some  special  operators  and  the  use  of  a non-standard  operator  precedence  to 
accomodate  these  new  operators. 

The  operators  act  upon  the  components  of  the  system  by  taKing  the  data  stored 
in  some  components  (the  inputs),  operating  (i.e.,  transforming)  on  the  data,  and  storing 
the  resulting  data  in  some  component  (the  output). 

The  data  used  by  the  operators  is  defined  in  terms  of  the  components  that 
contain  it.  Since  the  memories  and  registers  are  declared  as  structured  components 
made  out  of  words  and  bits,  a structure  selector  is  needed  in  order  to  access  or  store 
data. 


3.1.  Structure  Selectors 


gtruciurif-frlttctor 
term  :;= 
memory-accen 


elemeni-nnme 

telector-range 

hit 


term  \ term  < »eleetor-range  > 
number  | memory-accett  | ( expretiion  ) 
identifier  | 

identifier  [ arithmetic-exprettion  ] 

identifier  [ element-name  ] 

number 

bit  I bit  : bU 

number 


The  lermx  are  the  building  blocks  used  in  a register  transfer  expression.  A term 
can  be  a constant,  a memory-aeeett  (to  select  data  stored  in  a memory  or  register),  or 
an  expre»*ion  in  parenthesis  (thus  allowing  large  and  complex  register  transfer 
expressions). 


I 
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A Miruciurtf-iu'lrcior  is  used  to  select  parts  of  a term  (i.e.  to  select  bits  of  a 
register,  a constant,  or  an  expression).  The  nature  of  the  register  transfer  operators 
requires  that  the  operands  be  of  homogeneous  type  (i.e.,  register-like)  and  length. 
Thus  multiword  memories  must  be  accessed  using  an  arithmetie-expretsion  (the 
address  calculation)  enclosed  in  "["  and  "]"  to  select  one  and  only  one  word  of  the 
array 

The  compiler  compares  the  maximum  value  that  the  result  of  an  address 
computation  can  have  with  the  number  of  words  declared  for  a memory.  If  the  formei 
exceeds  the  latter,  a warning  is  issued. 

When  a »rlrrtor-range  is  applied  to  a memory  or  register  access  term  it  must 
use  the  bit  names  used  in  the  declaration.  When  it  is  applied  to  other  types  of  term, 
whose  structure  has  not  been  declared  (i  e.,  constants  and  expressions),  the  bits  of  the 

term  are  implicitly  named  n,  n-1, , 1,  0 (from  left  to  right). 

Examples 

ACC  Select  the  entire  ACC  register 

Mp[Pc]  Select  the  word  whose  address  is  contairwd  in 

register  Pc 

ACC<5>  Select  bit  5 of  register  ACC 

Mp[R[INOEX]+DISPLACEMENT]<0'  Select  bif  0 of  the  word  whose  address  is  given 

by  the  effective  address  calculation  expression 

(A<7:0>-rB<7:0>)<5:4>  Select  the  5th  and  6th  bits  (from  the  right)  of  the 

result  of  the  addition 

Attempting  to  access  undeclared  bits'  of  a register  or  memory  word  will  result  in 
a warning  message.  The  compiler  will  then  default  the  erroneous  bit  name  to  the 
leftmost  bit  of  the  declaration.  When  the  selector  range  of  a register  or  memory  word 
attempts  to  switch  the  relative  position  of  two  bits,  the  compiler  will  switch  the 
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selector  range  boundaries  and  issue  a warning  message.  For  instaiKe,  if  X is  declared 
as  X<0£>,  both  X<2:3>  and  X<3:2>  are  equivalent  terms  but  in  the  secor>d  case  a 
warning  is  issued. 

3.2.  Transfers 

Register  transfers  are  used  to  modify  the  contents  of  the  registers  and 

memories.  The  syntax  of  a transfer  is  the  following: 

irana/er  m«mory-aeeei$  *-  aritkmelie-«xprt$iioH  | 

memory-aee€i$  <t0l0etor-r»mg»>  ariikmttk  -espresaieR 

The  use  of  a Mlxctor-rangt  on  the  left  hand  side  of  the  specifies  a partial 
register  (or  memory  word)  modification;  the  non-selected  bits  are  not  disturbed.  If  the 
right  hand  side  is  shorter  than  the  left  hand  side,  the  result  is  stored  right  justified 
and  O's  are  concatenated  to  its  left  to  clear  the  high  order  bits  of  the  left  har>d  side.  If 
the  right  hand  side  is  larger  than  the  left  hand  side  truncation  of  the  high  order  bits 
will  occur  (the  compiler  will  issue  a warning  if  this  situation  occurs). 

The  right  hand  side  of  a transfer  is  always  an  aritkmeiie-expnuioH.  The 
difference  between  an  antkmtttie-exprt$nom  and  an  expmuon  properly  is  in  the  use 
of  relational  operators,  which  are  not  allowed  in  the  former.  We  will  give  more  details 
in  the  subsection  dealing  with  expressions.  ! 

I 

3.3.  Shift  Operators 

tkift  ttructure-selector  | 

structure-se/eclor  skift-op  itruetun-ulaetor 
tkift-op  tSL  I tSR  I tSLO  I tSRO  | tSLl  | tSRl  | TRL  | TRR  | 

eoneattnation 

coneatenntion  Q 
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A nhift  is  the  first  step  in  the  hierarchy  of  register  transfer  operations,  shift 

operators  have  the  highest  binding  power  (precedence).  A tkift  always  takes  the 

following  form: 

left.operand  nhift  op  right.operand 

The  meaning  of  the  operators  (all  of  them  have  the  same  precedence)  is  the 

following: 

OPERATOR  MEANING 

TSL  Shift  left  the  left.operand,  one  position,  and  insert  the  (rightmost  bit  of  the) 

right.operand  into  the  vacant  position,  dropping  the  leftmost  bit  of  the 

left.operand.  The  length  of  the  result  is  the  same  as  the  length  of  the 

left.operand.  The  result  can  be  stored  in  a register  or  used  as  an  operand 
when  building  complex  expressions.  The  operator  does  not  modify  the 
left.operand,  only  the  transfer  operator  (V")  can  perform  side  effects. 

TSR  Shift  right  the  left.operand,  one  position,  and  insert  the  (rightmost  bit  of 

the)  right.operand  into  the  vacant  position,  dropping  the  rightmost  bit  of 
the  left.operand.  The  length  of  the  result  is  the  same  as  the  length  of  the 
left.operand. 

fSLO  Shift  left  the  left.operand  the  number  of  positions  indicated  by  the  value  of 
the  right.operand  inserting  O’s  in  the  vacant  positions  and  dropping  the 

righmost  bits  of  the  left.operand.  The  right.operand  is  treated  as  an 

unsigned  integer.  The  result  has  the  same  length  as  the  left.operand.. 

TSRO  Similar  to  TSLO  but  shifting  right. 

TSLl  Similar  to  TSLO  but  inserting  I’s  into  the  vacant  positions. 

TSRl  Similar  to  TSLl  but  shifting  right. 

TRR  Rotate  towards  the  right  the  left.operand  by  the  number  of  positions 

indicated  by  the  value  of  the  right.operand.  The  length  of  the  result  is  the 
same  as  the  length  of  the  left.operand. 

TRL  Similar  to  TRR  but  rotating  left. 

9 Concatenate  the  left.operand  with  the  right.operand.  This  operator  is 

included  among  the  shift  operators  for  symmetry  reasons.  The  length  of 
the  result  is  the  sum  of  the  lengths  of  the  operands. 
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3.4.  Arithmetic  Expressions 


complement 

conjunction 

disjunction 

negation 


factor 


sum 


arithmetic-expression  :;= 


shift  1 NOT  shift 
complement  | 

conjunction  AND  complement  | 
conjunction  EQV  complement 
conjunction  | 

disjunction  OR  conjunction  | 
disjunction  XOR  conjunction 
disjunction  | 

- disjunction  | 

MINUS  disjunction  | 

-r  disjunction 
negation  | 
factor  * negation  \ 
factor  / negation 
factor  I 
sum  - factor  | 
sum  MINUS  factor  \ 
sum  factor 
sum 


All  logical  operators  (NOT,  AND,  EQV,  OR,  and  XOR)  operate  on  a bit  by  bit  basis. 
If  the  operands  have  unequal  lengths  the  shortest  operand  is  expanded  (on  the  left) 
with  O’s. 

The  arithmetic  operators,  with  the  exception  of  MINUS,  operate  on  unsigned 
(pure  magnitude)  operand*;,  the  MINUS  operator  assumes  a Two’s  Complement 
represention  with  a sign  bit  in  the  leftmost  position.  The  main  difference  is  in  the 
padding  used  to  match  the  length  of  their  operands.  The  MINUS  operator  extends  the 
sign  of  the  shortest  operand,  the  other  operators  use  0 as  the  padding  character. 

The  length  of  the  result  of  the  infix  operators  "+",  and  "MINUS"  is  one  bit 
larger  that  the  largest  operand.  The  length  of  the  result  of  the  operator  is  the  sum 
of  the  lengths  of  the  operands.  The  length  of  the  result  of  the  "/"  operator  is  the  same 
as  the  length  of  the  left  operand  (the  dividend). 
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3.5.  Relational  Expressions 

In  order  to  describe  non-trivial  systems,  ISPL  provides  certain  facilities  to 
control  the  execution  of  the  transfers.  Thus  certain  transfers  may  or  may  not  be 
executed  depending  on  the  result  of  some  previous  operation.  These  conditional 
activities  are  described  in  more  detail  in  the  following  section.  Here  we  are  concerned 
with  the  basic  data  operators  of  the  language,  among  which  we  include  the  relational 

V 

operators  used  to  build  conditional  expressions. 

\ 

relntion  arithmetic-expretsion  | 

arithmetic-expression  relop  arithmetic-expression 

relop  EQL  I NEQ  | LSS  | LEQ  | GEQ  | GTR  | TST 

expression  relation 

Relational  operators  perform  a test  between  their  left  and  right  ooerands.  The 
result  for  all  these  operators,  with  the  exception  of  TST,  is  a boolean  value  (TRUE  or 
FALSE)  which  can  bt  tested  by  one  of  the  control  operations  defined  in  the  following 
section.  All  relational  operators  treat  the  operands  as  unsigned  integers.  A 2’s 
complement  representation  of  a negative  number  will  therefore  look  greater  than  a 
positive  number  of  the  same  length. 

The  TST  operator  performs  a logical  subtraction  of  its  operands  and  produces  a 
result  of  0,  1,  or  2,  indicating  that  the  left  operand  is  less  than,  equal  to,  or  greater 
than  the  rigth  operand,  respectively. 

Beware  that  relational  operators  have  less  precedence  than  logical  and 
arithmetic  operators,  thus,  the  ekpression;  A LSS  B AND  C GEQ  D is  parsed  as: 
A LSS  (B  AND  C)  GEQ  D which  is  syntactically  incorrect.  The  proper  way  of  writting 
the  expression  is:  (A  LSS  B)  AND  (C  GEQ  D) 


It  was  indicated  before  that  the  right  hand  side  of  a register  transfer  operation 


ISPL  Compiler:  User’s  Manual 


(«-)  must  be  an  nrithmHie  expression.  TWs  does  not  allow  the  UM  of  relational 
operators.  In  order  to  use  them  on  the  right  hand  side  of  a transfer,  the  (relatione!) 
expression  must  be  enclosed  in  parenthesis.  This  in  effect  transforms  the  (relatlonat) 
expr«$*ion  into  a term,  a valid  arithmetic-** pn$$iom,  e.g.: 

FLAGHA  NEQ  B); ! Yields  0 or  1 
TVAL«-1+(D  TST  Eh  ! Yields  lA  or  3 
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The  behavior  of  a digital  system  is  described  in  ISPL  by  a list  of  statements. 

These  statements  can  be  build  up  from  register  transfers  by  using  two  special 

delimiters  to  indicate  sequential  or  concurrent  execution.  Statement  lists  can  be  nested 

using  parenthesis  to  build  more  complex  statement  lists.  The  syntax  of  the  register 

transfer  sequences  is  as  follows: 

ftatrmrnt-lixt  fyarnllrl-ilntcmriit-list  ( 

BAILOUT  idcntifirr  | 

%inirmrnt-lixt  NEXT  pnralM-ttatement-lixt 
;;=  Inhrllrd-Untrmrnt  | 

linrnllrl-.ualrtnrnt-li»t  ; lahrll«d-ttat«ment 
Inhrllrd-xtntrmrnt  ;;=  .^Intrmrril  | 

idrntifirr  ;=  xtatrmrnt 

xtnirment  ;;=  ronditinnnl-exrcute  | 

ronditinnnl-decode  | 
hlork  I 
transfer  | 
identifier 

rouditional-ererute  ( IF  expression  =>  statement-list  ) 

ronditional-deeode  ( DECODE  expression  =>  parallel-statement-list  ) 

hlork  ( statement-list  ) 

A.l.  Blocks 


Hlorks  are  the  simplest  building  tools  to  define  complicated  statements.  A block 
is  a statement-list  enclosed  in  parenthesis: 

(A*-0  NEXT  A«-A  OR  B[X1<7:0>  j C«-C+l) 

4.2.  Conditional  Statements 

There  are  two  ways  of  specifying  conditional  activities.  These  are  the 
conditional-derode  and  the  conditional-execute  statements: 

{ condition  ->  statement(s)  ), 
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where  the  conditions  and  their  interpretation  are  as  follows: 

CONDITION  INTERPRETATION 

DECODE  ttxpmtuon  The  value  of  the  expression  is  interpreted  as  an  integer  and  used  to 
select  one  out  of  n possible  statements,  given  as  a list  of  alternatives. 
These  alternatives  are  separated  by  V,  but  in  this  case  they  are  not 
considered  to  be  concurrent  activities:  only  one  of  them  will  be  executed. 
The  statements  in  the  list  are  numbered  0 through  n-1,  from  left  to  right. 
The  ith  statement  is  executed  if  the  value  of  the  expression  is  equal  to  i. 

IF  exprenition  This  is  a special  case  of  the  conditional-decode  statement.  The 
statement-list  following  the  «>  operator  is  initiated  if  the  logical  value  of 
the  expression  is  TRUE,  otherwise  it  is  bypassed. 

For  simplicity,  the  expretxtont  used  in  the  conditional-execuie  statement  do  not 
have  to  be  relational-ex prr.nnont,  yielding  a TRUE  or  FALSE  value.  An  arithmetie- 
exprension  can  be  used,  with  the  implication  that  the  result  of  the  expression  is  tested 
against  0.  The  matement-liiit  is  executed  if  the  expression  is  not  equal  to  0,  it  is 
bypassed  otherwise.  In  other  words,  the  expression  is  interpreted  as  (expression  NEQ 
0).  For  similar  reasons,  the  conditional-deeode  statement  accepts  a relation  as  the 
conditional  expression,  with  the  implication  that  the  logical  values  FALSE  and  TRUE  are 
interpreted  as  the  numbers  C and  1,  respectively. 

The  language  does  not  provide  at  IF  ...  THEN  ...  ELSE  type  of  conditional 
statement.  They  are  trivially  described  using  a 2-way  DECODE  statement.  The  user 
should  be  careful  to  write  the  alternative  statements  in  the  proper  order:  the  0th  case 
(logical  FALSE)  first  and  the  1st  case  (logical  TRUE)  second.  Thus  the  statements  are 
reversed  from  the  normal  Algol-liKe  order. 

Do  not  forget  the  Vs  after  each  alternative,  except  the  last  one,  of  a DECODE 
statement.  A missing  V in  this  context  is  a fatal  error  that  is  sometimes  detected 
several  lines  after  the  offending  alternative.  The  compiler  will  complain  about  a 
"missing  action  list". 


f 

[ 


i 
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4.3.  Labelled  Statements 


The  statements  described  above  can  be  identified  with  a label.  This  label  is  used 
to  designate  the  starting  point  of  the  statement.  The  label  of  a statement  can  be  used 
wherever  a statement  is  valid.  The  interpretation  given  to  the  use  of  a label  in  the 
middle  of  a »talemenl-li.u  is  the  following: 

1)  If  the  label  is  associated  with  a procedure  definition,  it  is  interpreted 
as  a call  (invocation)  of  the  procedure,  unless  the  invocation  occurs 
inside  the  definition  of  the  procedure,  in  which  case  the  invocation  is 
interpreted  as  a jump  to  the  starting  point  of  the  sequence  (i.e.  there 
are  no  recursive  calls  in  ISP). 

2)  Other  invocations  are  treated  as  jumps  to  the  starting  point  of  the 
sequence.  In  the  current  implementation,  labels  (and  their 
sequences)  need  not  be  declared  before  they  are  used.  Thus  we  can 
jump  forward  in  the  description. 

A reserved  label,  STOP,  is  predeclared  in  the  compiler.  It  can  be  used  to 
indicate  a jump  to  the  end  of  the  description. 


4.4.  The  BAILOUT  Operation 

The  BAILOUT  operation  provides  a way  to  describe  the  handling  of  exceptional 
conditions  that  might  occur  during  the  fetching,  decoding,  and  execution  of  instructions. 
This  operation  is  in  effect  a super  RETURN  from  a procedure  when  an  exceptional 
condition  arises.  The  BAILOUT  operator  is  used  together  with  the  label  of  the 
procedure  whose  context  we  want  to  leave,  i.e.,  BAILOUT  returns  accross  multiple 
levels  of  (dynamically)  nested  procedures.  For  instance: 

Examples 

pi  :-  (...NEXT  (IF  x ->  y*-z  NEXT  BAILOUT  p2)  NEXT  ...) 
p2  :-  (...NEXT  pi  NEXT  ...) 

Main  (...NEXT  p2  NEXT  ....) 
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In  the  above  example,  procedure  MAIN  invokes  procedure  P2  which  starts 
execution  of  procedure  PI.  At  some  point,  PI  decides  that  some  error  has  occurred 
(IF  X =>  ...)  and  that  only  MAIN  can  handle  the  situation.  The  effect  of  "BAILOUT  P2" 
is  to  ter  minate  the  execution  of  PI  and  P2  and  return  to  procedure  MAIN,  at  the  point 
were  it  invoked  P2. 

4.5.  Statement-Lists 


Statements,  labelled  or  otherwise,  can  be  used  to  describe  a list  of  concurrent 
activities,  a pnrttllel-»tat<fmeni-li*t,  using  the  as  delimiter.  ParatM-itatememt-luti 
can  be  used  to  build  sequences  of  activities  or  $tttttiment-li$u,  using  the  "next" 
operator  as  delimiter.  Notice  that  the  whan  used  to  indicate  concurrency  has  a 
higher  precedence  than  the  "next"  used  to  indicate  sequentiality.^  For  instance,  in  the 
following  statement-list:  A«-B  ; Cr-D  NEXT  E«-F  the  transfers  A«-B  and  C«-D  are  executed 
concurrently,  and  only  when  they  are  both  completed  wHI  the  locus  of  control  pass  to 


1 


i 

I 


the  next  statement,  the  transfer  E*-F. 

One  detail  to  keep  in  mind  is  that  ISPL  is  a statement  language,  not  an 
expression  language  (in  the  BLISS  sense).  In  particular,  there  is  no  such  thing  as  an 
empty  or  null  sequence,  thus  sequences  like:  {A«-B;)  or  A«-B;  NEXT  C*-D  are  invalid  (the 
";"  must  be  followed  by  r statement).  In  some  cases  the  compiler  is  capable  of 
detecting  the  extra  ";"  and  v/ill  eliminate  it  after  warning  the  user. 
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5.  ISPL  Programs 


As  mentioned  in  the  Introduction,  an  ISPL  description  consists  of  a set  of  { 

I 

component  declarations,  together  with  a description  of  the  behavior  of  the  (main)  ; 

I 

system:  i 

itpl-program  identifier  :>  ( declaration- part  ttatement-lUt  ) j 

( 

The  above  syntax  indicates  that  ISPL  programs  look  like  labelled  blocks,  with  a I 

i 

declaration-part,  local  to  the  body  of  the  block.  ' | 

EXAMPLE 

nULT:. 

(DECLARE 

t1PO<15:0>; 

P<lS:e>i 

C<lS:B>t 

STEP  !.  (DECODE  P<e>  .>  P-P  tSR  1;  P»(P*nPD)<lSia>  tSR  t)  ’ 

ERRLCED  1 

L8i>  ( i 

C-8  NEXT  I 

Ll!.  < 

STEP  NEXT 
C-(C-l><lS!e>  NEXT 
(IF  C NEQ  a » LU 
) 

) 

) 

The  first  example  presents  the  ISPL  description  of  a simple  8-bit  multiplier  using 
the  shift-and-add  algorithm.  The  multiplicand  resides  in  the  leftmost  8 bits  of  the  MPD  I 

■ . I 

register.  The  multiplier  resides  in  the  rightmost  8 bits  of  the  P register.  The  partial  j 

product  is  developed  using  all  16  bits  of  the  P register.  Additional  details  about  the  I 

algorithm  can  be  found  in  [Bell,  1972]. 

I 

The  description  begins  with  the  specification  of  the  label  for  the  program  | 

i 

(MULTIPLIER).  Labels  are  used  in  ISPL  to  identify  activities  so  that  they  can  be 
branched  to,  or  used  as  subroutines. 
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The  program  itself  is  enclosed  in  parenthesis,  and  consists  of  two  parts.  The 
declarations  and  the  specification  of  the  behavior.  The  former  are  specified  as  a list  of 
individual  component  declarations  (multiplicand,  multiplier/product,  and  step  counter), 
and  one  procedure  (STEP)  which  performs  the  basic  multiplication  operation,  using  tho 
reserved  identifiers  DECLARE  and  ERALCEO  as  brackets.  The  specification  of  tho 
activities  of  the  system  is  given  as  a list  of  two  sequential  steps.  The  first  step  (C*-8) 
initialises  the  counter  and  the  second  is  given  by  a labelled  (LI)  block  of  activities,  this 
consists  of  a sequence  of  three  steps.  The  first  one  performs  the  basic  multiplication 
operation  by  calling  the  procedure;  the  second  step  decrements  the  counter;  the  third 
step  tests  the  counter  to  see  if  the  operation  has  been  completed.  If  the  value  of  the 
counter  has  not  reached  0 then  a jump  to  the  label  is  indicated  by  using  the  label  (LI) 
as  an  activity.  If  the  counter  is  0 then  control  flows  out  of  the  labelled  statement  and 
reaches  the  end  of  the  program. 

The  basic  multiplication  operation  is  described  using  the  DEOOOC  control 
operation.  It  implements  a 2-way  branch  depending  on  the  value  of  the  expression 
P<0>.  The  alternative  paths  selected  by  this  operation  are  given  as  a list  using  the 
as  delimiter.  The  first  path  (P«-P  TSR  0)  is  selected  if  the  value  of  the  controlling 
expression  (P<0>)  is  0;  the  second  path  (PHP'^MPD)  tSR  0)  is  selected  if  the  value  is  1. 
The  operator  tSR  0 represents  a shift  right  inserting  zero  in  the  vacant  position. 
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EXAMPLE 

niNii«(OECLME  •nEnmv  rno  registers 

n(ai#377i<iiia>i  'hrin  nEnoRv 

Z<7:t>|  lErFECTIVE  RDORESS  REGISTER 
CflCC<i2>a>t  ! 13  BIT  RCCUnULRTOR  UITH  CRRRV  POSITION 

CRRRY.BITo  :«  CRCC<12>; 

SICN.BITo  i>  CRCC<ll>i 
RCC<11:B>  CRCC<U:0>i 
IR<lliO>l  {INSTRUCTION  REGISTER 

0P<11:9>  :<  IR<ni9>; 

I.BITo  !*  IR<S>; 

R00RESS<7:(>  ;<  IR<7i0>t 
IO.BITS<7;0>  IR<7;t>; 

UCLRSSo  !•  IR<7>; 

L<7:0>;  {RETURN  REGISTER 
PC<7;t>!  iPROGRRH  COUNTER 

I0.REG<7:a>;  {INPUT-OUTPUT  REGISTER 

RUNo;  )RUN  NODE 

• PROCEDURE  TO  INCREHENT  PROGRRIt  COUNTER 
INCRPCi>(  PC»(PC»1)<7!B>)  i NOTE  THRT  PC  UILL  URRP 
ERRLCED 
STRRTc 


(OECOOE  RUN 
STOP; 

( IR^niPCl 

(DECODE  KBIT 
(DECODE  OP  .> 


I I<  run«B 
NEXT  INCRPC  NEXT 

> Z*^R00RESS  ; 2<^(R00RESS1  <7:0>)  NEXT 
{ INSTRUCTION  DECODING 
RCC-RCC  RNO  niZl;  {RNO 

CRCC-RCC  ♦ niZl;  {TRO  (SETS  CRRRY  BIT) 

(nizi-(n(zi»i><iiiB>  NEXT  (ir  nizi  edl  • » incrpo  ); 

(niZl-RCC  NEXT  RCC«-B);  {OCR 
(L^-PC  NEXT  PC»Z);  {JSR 

PC-Z;  {JUNP 

lO.REG-IO.BITS;  {lOT 

(DECODE  UCLRSS  » 


IISZ 


( 


(IF  IR<6>  » INCRPC)  NEXT 
(IF  IR<5>  ■>  RCC»  NOT  RCC)  NEXT 
(IF  IR<4>  » flCC-<)  NEXT 
(IF  IR<3>  » CRCC-RCC«1)  NEXT 
(IF  IR<2>  » CRCC-RCC-1)  NEXT 


(SETS  CRRRY  BIT) 
(SETS  CRRRY  BIT  IF 


(IF 

(IF 

(IF 


IR<1>  » RCC«-  RCC  tSRt  1)  NEXT 


);  {END  OF  UCLRSS-t 


IR<B>  ■>  RCC-  RCC  tSLI  1) 

IR<S>  » INCRPC)  NEXT 
(IF  IR<5>  » PC-L)  NEXT 
(IF  IR<«>  » PC-CRCC<7:B>)  NEXT 
(IF  IR<3>  ■>  RUN-1)  NEXT 
(IF  IIR<2>  RNO  SIGN. BIT)  OR 

(IR<1>  RNO  (RCC  EQL  I))  OR 

(IR<B>  RNO  (NOT  SIGN.BIT))  .>  INCRPC) 


) 


) 

) 

STRRT 


{END  OF 
NEXT 


) {END  OF  UCLRSS  OECOOINC 

{END  OF  INSTRUCTION  DECODING 
RUN.l  DOOE 

•END  OF  INSTRUCTION  CYCLE 


BORROW) 
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6.  The  Compiler  Output 


The  compiler  produces  a listing  file  (with  extension  LST)  and  an  "object  coda" 
file  (with  extension  RTM).  The  latter  extension  stands  for  Register  Transfer  Machine. 
In  other  words,  the  compiler  produces  code  for  some  idealized  machine  which  executes 
register  transfer  operations. 


6.1.  Running  the  Compiler 


The  following  example  shows  a typical  execution.  The  actual  calling  procedure 
may  change  from  installation  to  installation.  When  the  compiler  starts  executing  it 
prompts  the  user  for  the  ISP  source  file  name.  If  there  are  any  error  messages  they 
are  printed  on  the  user’s  terminal  as  well  as  in  the  listing  file.  When  the  compilation  is 
done  (the  compiler  types  messages  indicating  the  current  phase  it  is  executing)  it 
automatically  calls  the  MACROlO  assembler  and  passes  to  it  the  name  of  the  RTM  file. 

At  the  end  of  the  assembly  the  user  should  have  the  following  files  (assume  the  ISP 
source  is  called  X.ISP):  X.LST,  X.RTM,  X.REL,  as  well  as  the  X.ISP  file,  of  course. 

ru  isp 

Inpul  File:  mu  1 1 . isp 

ISP  COnPILER  Thursday  23  Jul  76  23i42il3  nULT.  ISPIN655nB2S)  PACE  1 

’ 

Pars*  Complatad. 

0ptlmi2ation  Complatad. 

Semanlic  Check  and  Output  FoIIoms  , 

ISP: NO  ERRORS  OETECTEO 
23: *3:57 
nncRO:  .nniN 

EXIT 
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6.2.  Example  I - Listing 


The  listing  file  reproduces  the  ISPL  source  program  together  with  any  earning 
and  error  messages.  The  listing  file  is  organized  in  4 parts:  1)  The  listing  proper,  2)  A 
cross-reference  listing  indicating  the  places  in  the  RTM  object  code  were  the  registers, 
memories,  and  labels  are  being  used,  3)  A symbol  table  listing  containing  all  the  user 


and  system  declared  entities,  together  with  their  attributes,  and  4}  A statement  table 


listing  containing  a readable  version  of  the  RTM  object  code. 


laai) 

taaii 

caazi 

[>S2) 

ie$2} 

t$$2J 

(6031 

(663) 

(663} 

(664} 

(664} 

(665} 

(665} 

(665} 

(665} 

(665} 

(665} 


nULT:« 

(DECLARE 

nPD<15:6>( 

P<15i6>( 

C«}5i6>j 

STEP  !•  (DECODE  P<6>  » P>P  tSR  6) 
ERRLCEO 


P^(P+nP0)<15:6>  t<5K  6) 


L6: 


< 

C-8  NEXT 
Lit. 


( 

STEP  NEXT 
C>-(C-l)<15t6>  NLXT 
(]F  C NEQ  6 «>  I 1) 
) 


6.3.  Example  I - Symbol  Table 


The  compiler  produced  symbol  table  for  the  multiplier  example  is  shown  below. 
There  is  an  entry  (1  line)  for  each  user  or  compiler  declared  component.  These  include 
memory  components,  labels,  and  constants.  The  INDEX  column  indicates  the  position  m 
the  symbol  table  of  the  entity.  This  index  is  used  to  represent  the  variables  in  the 


statement  table. 


)SP  COnPtLER  Thursday  29  Jul  76  22:69:14  TEflP. TnP(N655nB2S]  PPCE  2 


6 

1 

2 

3 


6 16666666  6 6 

2 16666666  6 6 

4 1666ei66  6 6 

4 16666166  6 6 


6 6 6 *e 

6 26  1 'C 

It  6 6 'Lt 

21  6 6 >11 
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r 

i 

i 


4 

2 

1S88SSSS 

8 

8 

8 

28 

1 

'leo  '<8(17>il7(8)> 

s 

4 

lesesiss 

8 

8 

1 

0 

0 

’miLT  • 

6 

2 

iseessss 

0 

0 

8 

28 

1 

’P  ’<8(17)tl7(8>> 

7 

4 

iseeiiss 

8 

8 

3 

0 

8 

•STEP  ’ 

IS 

4 

18888181 

8 

8 

35 

8 

8 

•STOP  • 

11 

3 

18888881 

8 

8 

8 

1 

8 

8 

12 

5 

10888881 

8 

8 

8 

1 

0 

13 

3 

18088881 

8 

8 

8 

1 

0 

1 

14 

3 

18088881 

8 

8 

8 

4 

0 

18 

15 

5 

18808881 

8 

8 

8 

28 

8 

w,,  • 

16 

IS 

18888801 

8 

8 

8 

1 

8 

•XTFoaa' 

17 

7 

10088881 

8 

8 

8 

21 

8 

•STPIMW’ 

28 

7 

10080081 

8 

8 

8 

28 

8 

•STirani’ 

21 

7 

18808801 

8 

8 

8 

1 

8 

•STRSaC' 

The  TYPE  column  describes  the  type  of  "variable”  stored  in  a given  entry  of  the 
symbol  table.  The  valid  types  are:  Memory  Array  (TYPE-1),  Register  (2),  Constant  (3), 
Label  (4),  Mask  (5),  Flag  (6),  Temporary  register  (7),  and  Temporary  flag  (10).  The  last 
two  are  used  for  compiler  declared  variables  (for  instance,  temporary  registers  are 
declared  in  order  to  store  partial  results  when  evaluating  expressions). 

The  FLAGS  field  contains  information  used  by  the  compiler.  It  is  displayed  es 
part  of  the  output  mainly  for  debugging  purposses  (i.e.  they  show  the  status  of  the 
symbol  table  entry). 

The  DEF  field  is  used  to  store  a pointer  to  an  associated  symbol  table  entry.  It 
is  used  when  a memory  component,  say  a register,  is  defined  in  terms  of  a previously 
declared  memory  component.  For  instance,  we  can  daclare: 

INSTRUCTION.REGISTER<  1 5:0>; 

0P.C00e<3K)>  :-  INSTRUCTI0N.REGISTER<15:12>; 

In  the  symbol  table  listing,  the  DEF  field  for  OP.COOE  wiH  point  to  a pseude 
register  declaration  entry,  corresponding  to  INSTRUCTI0N.REGISTER<15:12>.  The  DEF 
field  for  the  latter  will  point  to  the  main  declaration  of  INS'niUCTlQKREGlSTEIKlS^. 
If  INSTRUCTION.REGISTER  had  been  mapped  on  top  of  another  register  or  memory 
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declaration,  the  DEF  fields  will  chain  these  definitions.  (DEF  defines  a chain  of 
definitions,  the  last  entry  of  which  is  always  the  main  declaration). 

The  LBL  (LaBeL)  field  associates  with  every  user  declared  label,  an  integer  used 
by  the  compiler.  This  integer  constitutes  an  internal  label. 

The  BCNT  and  WCNT  (Bit  CouNT  and  Word  CouNT,  respectively)  indicate  the 
number  of  bits  and  words  for  each  memory  and  constant.  (The  count  is  given  as  an 
octal  number). 

The  PNAME  (Print  NAME)  contains  an  identifier  for  each  entry.  For  user 
declared  variables  and  labels  it  contains  the  identifier  used  in  the  program  (truncated 
to  six  characters).  Constants  are  identified  by  their  numeric  value  (octal).  Masks  are 
represented  as  a pair  of  octal  numbers.  These  indicate  the  left  and  rightmost  bit 
positions  of  the  mask  with  respect  to  the  right  edge  of  the  word  (for  instance,  a binary 
mask  like  00011000  will  appear  as  4„3).  System  declared  registers  and  flags  are 
given  compiler  generated  names. 

The  last  field  of  the  symbol  table,  WORDS:BITS,  contains  the  list  of 
subcomponents  for  each  user  declared  memory  or  register.  The  list  contains  the  bit 
(word)  names  given  in  the  declaration  as  well  as  the  internal  bit  (word)  names 
generated  and  used  (or  the  compiler.  The  compiler  generates  a position  dependent 
internal  bit  (word)  name  which  can  be  used  to  generate  the  proper  subr"  ;onent 
accessing  code.  These  position  identifiers  are  iridicated  in  parenthesis,  nb..i  to  the 
user  specified  bit  (or  word)  names. 


A-31 


i 


w 

\ 

I 

I 

I 


ISPL  Compiler:  User’s  Manual 

6.4.  Example  1 - Cross  Reference 

INDEX  VBR  STflTEtlEHTS 


1 

*C 

26 

2 

•L0 

33 

3 

‘LI 

38 

4 

•npo 

11 

5 

•nuLT  ’ 

34 

6 

.p 

5 

7 

■STEP  ’ 

15 

. 16 
‘Ml 

■STOP  ’ 

6 

7 

12 

0..  0 
5 

13 

1 

14 

16 

26 

15 

17,.  6 
12 

16 

■XTFRBfl’ 

26 

17 

■ITRPHB’ 

11 

,26 

■TTRBBB’ 

12 

21 

■TTRflflC’ 

s 


24  2S  26 

32 

7 11  13 

23 

13  26 

25 
27 

12  24  2S 

13 
6 


) 
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6.5.  Example  1 - Statement  Table 


INDEX 

LRBEL 

FLAG 

OPCODE  DEST 

SOURCEl  SOURCE2  HERCE 

e 

0 

'STBRT  ‘ 

16 

1 

•nuLT 

f 

1 

‘SHERCE’ 

< 

S> 

2 

0 

•ISP  ’ 

2 

3 

•STEP 

8 

1 

•SHERCE’ 

( 

7) 

4 

0 

’ ISP  ’ 

3 

5 

0 

‘RBYTE  ”XTR«nC“P 

’ 8,,  0 

< 

.21)  ( 

6)(  12) 

6 

0 

’BRRNCH' 

•XTRPRC' 

14 

( 

21) 

7 

8 

•RSHFT  ”P 

,,p 

0 

< 

6)( 

6)(  11) 

18 

0 

•JOIN  • 

14 

11 

0 

•POO  ’•*TRRRR"P 

"HPO  ' 

( 

17)  ( 

6)(  4) 

12 

0 

•RBYTE  •'XTRRRB"XTRRRR'  17,,  0 

( 

20)  ( 

17)  ( IS) 

13 

8 

•RSHFT  "P 

"XTRRPB'  0 

( 

6)( 

28) ( 11) 

14 

0 

•SttERCE’ 

is' 

4 

0 

•RETURN' 

•STEF 

I 8 

3 

• 

1 

7) 

16 

■L0 

8 

1 

•SHERCE' 

< 

2) 

17 

0 

•ISP  • 

4 

20 

0 

•HOVE  "C 

8 

10 

( 

1)( 

14) 

21 

‘LI 

8 

1 

•SHERCE' 

< 

3) 

22 

0 

•ISP  • 

S 

23 

0 

•CPLL  • 

•STEP  • 

3 

I 

7) 

24 

0 

•OECR  ••XTRRPP"C 

8 

( 

17)  ( 

1) 

2S 

8 

•RBYTE  "C 

••XTRRPP'  17,,  0 

< 

1)( 

17) ( 15) 

26 

8 

•NEQ  ”*TFPPP"C 

0 

I 

16)  ( 

1)(  11) 

27 

0 

•IF  • 

•XTFPPP' 

31 

( 

16) 

38 

4 

•JOIN  • 

•LI 

8 

21 

( 

3) 

31 

0 

•SHERCE' 

32 

0 

•NOOP  • 

'Ll 

, 

21 

I 

3) 

33 

8 

•NOOP  • 

'L0 

, 

16 

( 

2) 

34 

0 

•NOOP  • 

•HULl 

, 

1 

( 

S) 

3S 

'STOP 

8 

1 

•STOP  • 

( 

18) 
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The  LABEL  field  is  used  to  identify  the  individual  statements. 

The  FLAGS  field,  as  in  the  symbol  table,  is  used  internally  by  the  compiler.  In 
this  particular  example,  the  only  flag  shown  indicates  whether  the  label  associated  with 
the  instruction  was  declared  by  the  user  (1)  or  by  the  compiler(O). 

The  OPR  field  contains  the  operation  name.  The  meaning  of  most  operations 
should  be  obvious  from  their  names.  Data  operations  are  described  as  a 3-address 
assembly-like  instruction.  The  source  operands  and  the  destination  operand  are 
indicated  by  their  index  into  the  symbol  table  (columns  SRCl,  SRC2,  and  DEST).  The 
RBYTE  operation  is  used  to  extract  a byte  from  a register.  The  interpretation  of  the 
operation  is  the  following;  DESTINAT10N*-S0URCEl<S0URCE2>  where  destination  and 
source  1 are  of  type  register  and  source2  is  a mask.  Other  non-obvious  data 
operations  (not  shown  in  the  example)  are: 


WBYTE  (DESTINATION<SOURCE  1 >«-S0URCE2), 

READ  (DESTINATION-SOURCE  1[S0URCE2]),  and 
WRITE  (DESTINATION[SOURCE  1 ]-S0URCE2). 

The  RTM  code  uses  at  most  three  operands,  thus  an  ISP  statement  like: 
A-B[C]<1>  compiles  into  two  RTM  operations.  The  first  is  a READ  operation  that  loads 
a (compiler  generated)  temporary  register  with  B[C].  The  second  operation  is  a RBYTE 
that  extracts  bit  1 of  this  temporary  (the  position  of  this  bit  is  deduced  from  the 
declaration  of  B)  and  stores  it  into  A.  Control  operations  are  slightly  more  complex. 
Serial  Merge  (SMERGEOP)  operations  are  used  as  merging  points  for  non-concurrent 
sequences.  Parallel  merge  (PMERGEOP)  operations  are  used  as  merging  points  for 
concurrent  sequences.  Branch  (BRANCHOP)  operators  select  one  out  of  many 


alternative  sequences.  These  sequences  are  identified  by  a list  of  the  labels  of  their 
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entry  points,  given  in  the  same  order  as  ttw  conditional  statement  in  the  original  ISP. 
Diverge  (DIVERGEOP)  operations  are  used  to  initiate  simultaneous,  concurrent  paths. 
These  paths  are,  as  in  the  branch  operations,  indicated  by  a list  of  labels. 

Branch  and  Diverge  operations  also  specify  the  label  of  the  statement  following 
the  alternative  or  concurrent  paths.  That  statement  is  the  "merge"  point  for  the 
different  paths. 

The  join  (JOIN)  operator  is  used  as  an  unconditional  jump  statement.  It  generally 
appears  as  the  last  statement  of  a path,  and  jumps  to  the  appropriate  merging  point  (a 
serial  or  parallel  merge).  The  NOOP  operation  is  used  as  a control  operation.  It  is 
generated  by  the  compiler  to  indicate  the  end  of  a block.  The  statement  points  to  the 
entry  point  of  the  block. 
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8.  Appendix  1 The  Minicomputer  Listing 


RIN1:«(0ECLRRE  fHERORY  AND  REGISTERS 

n(8i#377i<ii!0>;  inniM  nEnoRv 

2<7!e>;  (EFFECTIVE  flOORESS  REGISTER 

CRCC<12!8>;  ( 13  BIT  RCCUnULRTOR  MITH  CRRRY  POSITION 

CRRRY.BlTo  !.  C(1CC<12>; 

SICN.BITo  i>  CRCC<11>; 
flCC<^Il!8>  :>  CflCC<llt8>t 
IR<lliO>t  'INSTRUCTION  REGISTER 

0P<U:9>  :>  1R<U:9>! 
l.BlTo  :=  1R<8>; 

R00RESS<7:e>  ;•  IR<7:8>) 

I0.BITS<7:e>  s.  IR<7>B>) 

UCLRSSo  IR<7>i 
L<7:8>;  (RETURN  REGISTER 
PC<^7:0>;  IPROGRRH  COUNTER 

I0.REG<7:8>;  'INPUT-OUTPUT  REGISTER 

RUNo;  'RUN  ROOE 

' PROCEDURE  TO  INCREHENT  PROGRRH  COUNTER 
IHCRPC:.(  PC*(PC*l><7:9>)  ( NOTE  THAT  PC  UlU  URRP 

ERRLCEO 

START;.  (DECODE  RUN  <> 

STOP;  ( If  run.8 

( IR^niPCl  NEXT  INCRPC  NEXT 

(DECODE  I.BIT  .>  Z-ROORESS  ; Z.(1(AOORESS1<7:8>)  NEXT 
(DECODE  OP  .>  (INSTRUCTION  DECOOING 
RCC-flCC  AND  n(Zl;  (AND 

CACC^ACC  « n(Zl;  (TAD  (SETS  CRRRY  BIT) 

(n(ZU(n(ZUl><ll:8>  next  (IF  n(Zl  EQL  8 •>  INCRPC)  )| 

(tKZl-RCC  NEXT  RCC-S);  (OCR 

(L^PC  NEXT  PC.Z);  (JSR 

PC-Z;  (junp 

10. REGGIO. BITS;  (lOT 

(DECODE  UCLRSS  .> 


IISZ 


( 


(IF  IR<6>  ■>  INCRPC)  NEXT 
(IF  IR<5>  .>  ACC*  NOT  ACC)  NEXT 
(IF  1R<4>  «>  RCC-8)  NEXT 
(IF  1R<3>  .>  CRCC«^CC4l)  NEXT 


I 


(SETS  CARRY  BIT) 
(IF  1R<2>  » CRCC.^CC-1)  NEXT  I (SETS  CRRRY  BIT  IF 
(IF  1R<1>  «>  RCC>-  ACC  tSR0  1)  NEXT 
(IF  IR<8>  » ACC-  ACC  tSie  1)  );  (END  OF  UCLRSS-8 

(IF  IR<6>  ■>  INCRPC)  NEXT 
(IF  IR<S>  » PC-L)  NEXT 
(IF  IR<4>  » PC-CACC<7:8>)  NEXT 
(IF  IR<3>  ■>  RUN-8)  NEXT 
(IF  (IR<2>  AND  SIGN. BIT)  OR 

(IR<1>  AND  (ACC  EQL  8))  OR 

(1R<8>  AND  (NOT  SIGN. BIT))  » INCRPC) 


) 


) 


) 

) NEXT 
START 


(END  OF  UCLRSS  DECODING 
> (END  OF  INSTRUCTION  DECODING 

(END  OF  RUN.l  NODE 

•END  OF  INSTRUCTION  CYCLE 


BORROU) 
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INDEX 

TYPE 

Fines 

OEF 

BLX 

LBL 

BCNT 

UCNT  PNnnE.  UOROS;BITS>N«nE(POSITION) 

e 

8 

18888888 

8 

0 

8 

8 

8 ’« 

1 

2 

18818088 

4 

8 

0 

14 

1 ’HCC  ’<8(13)tl3(8)> 

2 

2 

18818808 

16 

0 

8 

18 

1 ’RDDRES’<8(7)i7(8)> 

3 

2 

18188888 

5 

8 

8 

1 

1 ’CRCC  '<13(8)> 

4 

2 

18188888 

5 

8 

8 

14 

1 ’CRCC  ’<8(13)il3(8)> 

5 

2 

18888088 

8 

8 

8 

15 

1 ’CRCC  ’<8(14)il4(8)> 

6 

2 

18180888 

5 

8 

8 

1 

1 ’CRCC  ’<14(8)> 

7 

2 

18818888 

6 

8 

8 

1 

1 ’CRRRV.’ 

18 

2 

18018888 

15 

8 

8 

1 

1 ’I. BIT  ’ 

11 

4 

18881188 

8 

0 

3 

8 

8 ’INCRPC’ 

12 

2 

18818888 

28 

8 

8 

18 

1 ’I0.BIT’<e(7)i7(8)> 

13 

2 

18800888 

8 

0 

8 

18 

1 ’I0.REC’<8(7);7(8)> 

14 

2 

18188888 

17 

0 

8 

3 

1 ’IR  ’<ll(2)!l3(8>> 

15 

2 

18180888 

17 

8 

8 

1 

1 'IR  ’<18(8)> 

16 

2 

18188888 

17 

8 

8 

18 

1 ’IR  ’<8(7):7(8)> 

17 

2 

18808888 

8 

8 

8 

14 

1 ’IR  ’<8(13)il3(8)> 

28 

2 

18188888 

17 

8 

8 

18 

1 'IR  ’<8(7)i7(8>> 

21 

2 

18106808 

17 

8 

8 

1 

1 ’IR  ’<7(8)> 

22 

2 

18888888 

8 

0 

8 

18 

1 ’L  ’<8(7>:7(8>> 

23 

1 

18888888 

8 

0 

8 

14 

488  ’fl  ’ (377  (377) : 8 (8)1  <8 (13)1 13 (8) > 

24 

4 

18888188 

0 

8 

1 

8 

8 ’niMi  ■ 

25 

2 

18818888 

14 

8 

8 

.3 

1 ’OP  ’<ll(2)il3(8)> 

26 

2 

18888800 

8 

8 

8 

18 

1 ’PC  ’<8(7):7(8)> 

27 

2 

18080808 

8 

0 

8 

1 

1 ’RUN  ' 

38 

2 

10810080 

3 

0 

8 

1 

1 ’SIGN.B’ 

31 

4 

10000108 

8 

0 

10 

8 

8 ’STRRT  ’ 

32 

4 

10800181 

8 

0 

161 

8 

8 ’STOP  ’ 

33 

2 

18010080 

21 

0 

8 

1 

1 ’UCLRSS’ 

34 

2 

10008000 

0 

8 

8 

18 

1 'Z  ’<8(7)i7(8)> 

35 

5 

18000081 

8 

8 

0 

1 

B 8,,  8 

36 

3 

18800001 

8 

0 

8 

1 

8 8 

37 

3 

10080001 

8 

8 

0 

1 

8 1 

48 

5 

10000801 

8 

8 

8 

1 

8 1.,  1 

41 

5 

16800881 

8 

8 

8 

1 

8 2,.  2 

42 

5 

10008881 

0 

8 

8 

1 

8 3,,  3 

43 

5 

10808881 

8 

8 

8 

1 

8 4 

44 

5 

18088861 

8 

0 

8 

1 

8 5,,  5 

45 

5 

18888881 

0 

0 

8 

1 

8 6,,  6 

46 

5 

18808801 

0 

8 

8 

18 

8 7,,  8 

47 

5 

16888001 

0 

8 

8 

14 

8 13,,  8 

58 

18 

18888881 

8 

8 

8 

1 

8 ’XTFRRR’ 

51 

7 

18888881 

8 

8 

8 

14 

8 ’XTRRRR’ 

52 

7 

18888881 

8 

8 

8 

15 

8 ’ZTRRRB’ 

53 

7 

18888881 

8 

8 

8 

14 

8 ’ZTRRRC’ 

54 

7 

18888881 

8 

8 

8 

1 

8 ’XTRRRO’ 

55 

7 

18800881 

8 

8 

8 

1 

8 ’ZTRRnC’ 

56 

7 

18888881 

8 

8 

8 

1 

8 ’XTRRRE’ 

57 

7 

18888881 

8 

8 

8 

11 

8 ’XTRRRG’ 

68 

7 

18888881 

8 

8 

8 

1 

8 ’ZTRRRN' 
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INDEX  VAN 


STBTEflENTS 


1 

'ACC  ' 

27 

32 

46 

47 

1P2 

113 

141 

2 

'ADORES' 

21 

22 

S 

'cncc  ' 

32 

7 7 

113 

131 

7 

'CARRY.' 

11 

'I. BIT  ' 

17 

11 

'IMCRPC 

7 

:e 

43 

63 

12 

'10. BIT' 

S6 

13 

'ID. REG' 

56 

17 

'IR 

IS 

61 

65 

71 

116 

122 

126 

22 

'L  ' 

SI 

124 

23 

'fl 

15 

22 

26 

31 

24 

'niNi  ' 

161 

2S 

•OP  ' 

2S 

26 

'PC  ' 

S 

6 

IS 

51 

27 

'RUN  ' 

12 

134 

31 

'SICN.B' 

137 

144 

31 

'START  ' 

1S6 

1S7 

32 

'STOP  ' 

13 

33 

'UCLASS' 

61 

3> 

'2  ' 

21 

23 

26 

31 

52 

54 

3S 

1 

111 

14S 

36 

1 

41 

141 

37 

1 

117 

113 

41 

1,,  1 

C7 


7S 

132 


34 


73 


ill 

131 


37 


77  in 


IIS 

141 


41 


111 

14S 


41 


IS  51  S2  S4  124  131 
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185 

141 

41 

2..  2 

161 

136 

42 

3,,  3 
75 

132 

43 

4 

71 

126 

44 

5.,  5 
65 

122 

45 

6,,  6 
61 

116 

46 

7,,  0 

6 

23 

130 

47 

13,,  8 

36 

se 

’7TFRRB’ 

41 

4, 

146 

142 

51 

’/TRARR’ 

4.  ^ 

: ' 

26 

27 

41’ 

41 

52 

’/TRRRB’ 

35 

IG 

53 

’/TRflflf 

S4 


1G 

’jTRRnn* 


31 


32 


34 


55 

•rTRRflE’ 

141 

1*,. 

143 

56 

’/TRflflF* 

144 

146 

‘i7 

VTRRRC’ 

5 

6 

68 

*7TRflflH’ 

145 

146 

147 

35 


61 

h: 

65 

66 

71 

72 

75 

76 

\ 

HU 

102 

185 

186 

111 

112 

116 

117 

t 

f 

ir? 

123 

126 

127 

132 

133 

136 

137 

% 

( 

14  1 

147 

150 
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INDEX 

LABEL 

FLAG 

OPCODE  DEST 

SOURCE 1 SOURCE2  HERCE 

PATHS 

a 

8 

•START  • 

18 

1 

•niNl  ' 
( 24) 

1 

•SnERCE’ 

2 

8 

• rsp  ' 

2 

3 

MNCSPC’ 
( 111 

1 

•SHERCE’ 

4 

8 

•ISP  * 

3 

5 

8 

'INCR  ”*TRRAC"PC  ’ 

< 

S7)(  26) 

6 

8 

•RBTTE  ’’PC 

’’ZTRARC’  7,,  8 

< 

26) ( 57) ( 46) 

7 

8 

•RETURN’ 

’INCRPC’ 

3 

1 11> 

IS 

’ START  ’ 
( 31) 

1 

•SNERCE’ 

11 

8 

•ISP  ’ 

4 

12 

8 

•BRANCH’ 

•RUN  ’ 

( 27) 

155 

13,15 

13 

8 

•JOIN  ’ 

•STOP  ’ 

161 

( 32) 

14 

8 

•JOIN  ’ 

155 

IS 

8 

•READ  ”IR 

”n  ”PC 

( 

17)  ( 23) ( 26) 

16 

8 

•CALL  ’ 

•INCRPC’ 

( 11) 

3 

17 

8 

•BRANCH’ 

'I. BIT  ’ 

24 

28,22 

( 18) 

28 

8 

•HOVE  ”2 

’’ADORES’ 

( 

34) ( 2) 

21 

8 

•JOIN  ’ 

24 

22 

8 

•READ  ”*TRAAR”n  ’’ADORES’ 

< 

51) ( 23) ( 2) 

23 

8 

•RBVTE  ”2 

’’ITRAAA'  7,,  8 

( 

34)  ( SIX  46) 

24 

8 

•SHERGE’ 

25 

8 

•BRANCH’ 

•OP  ’ 

154 

26.31. 

26 

8 

•READ 

( 

”r(RRAR”n 

25) 

”2  ’ 

27 

8 

•AND 

( SIX 

”ACC  ”RCC 

23) ( 34) 

’’XTRAAA’ 

38 

8 

•JOIN 

( IX 

> 

1)(  51) 

154 

31 

8 

•READ 

”*TRAAR”n 

”2  ’ 

32 

8 

•ADO 

( SIX 

’’CACC  ”RCC 

23) ( 34) 

’’XTRAAA’ 

33 

8 

’JOIN 

( 5)( 

8 

IX  51) 

154 

34 

8 

•READ 

”*TRAAR”n 

”2 

35 

8 

•INCR 

( SIX  23X  34) 

”XTRROB”*TRRAA’ 

36 

8 

•RBVTE 

( 52) ( 51) 

”*TRARC”XTRAAB’  13,,  8 
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( 

S3)( 

52)  ( 

47) 

37 

8 

•URITE  •’« 

"Z 

"XTRRRC 

< 

23)  ( 

34)  ( 

53) 

46 

8 

•RERD  ••XTRflflfl>*n 

"Z 

8 

( 

SIX 

23)  ( 

34) 

41 

6 

•EQL  ”*TFflflfl”ZTRflflfl’ 

8 

( 

58X 

SIX 

36) 

42 

6 

MF  * 

•XTFRRR' 

44 

( 

58) 

43 

8 

’CPLL  ’ 

•INCRPC 

3 

( 

11) 

44 

8 

’SnERGE’ 

45 

8 

’JOIN  ’ 

154 

46 

8 

'URITE  ”f1 

"Z 

"RCC  * 

( 

23)  ( 

34)  ( 

1) 

47 

8 

'CLERR  "RCC 

1 

I 

1) 

58 

8 

•JOIN  ’ 

154 

51 

8 

'HOVE  ”L 

"PC 

< 

22)  ( 

26) 

52 

8 

'HOVE  ”PC 

"Z 

< 

26)  ( 

34) 

53 

8 

•JOIN  ' 

154 

54 

8 

•HOVE  "PC 

"2 

( 

26)  ( 

34) 

55 

8 

•JOIN  ' 

154 

56 

8 

•HOVE  "lO.REC'IO.BIT' 

< 

13)  ( 

12) 

57 

8 

•JOIN  • 

154 

68 

6 

•BRRNCH' 

•UCLflSS' 

153 

( 

33) 

61 

8 

•RBYTE  ••ZTRRRO"IR 

6,,  6 

( 

54)  ( 

17X 

45) 

62 

6 

•IF  • 

•XTRRRD' 

64 

( 

54) 

63 

6 

•CRLL  • 

•INCRPC 

3 

( 

11) 

64 

6 

•SHERCE' 

65 

8 

•RBYTE  ’’XTRflflO"IR 

5,,  5 

< 

54)  ( 

17X 

44) 

66 

8 

•IF 

•XTRRRO’ 

78 

( 

54) 

67 

6 

•HOT  "RCC 

"RCC 

( 

1)( 

1) 

78 

8 

•SHERCE' 

71 

8 

•RBYTE  "*TRRflO"lR 

* 

( 

54)  ( 

17)  ( 

43) 

72 

8 

•IF 

•XTRRRO* 

74 

( 

54) 

73 

8 

•CLERR  "RCC 

8 

( 

1) 

74 

8 

•SHERCE' 

75 

8 

•RBYTE  "XTRRflO"IR 

1 

3,,  3 

I 

54)  ( 

17)  ( 

42) 

4«,43 


61,116 

64,63 

71,67 

74,73 
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I 

I 

L. 


IDEX  LRBEL 

FLRC 

OPCODE  DEST 

SOURCE 1 SOURCE2  HERBE 

RBms 

76 

0 

ME  ’ 

•ZTRBBO’ 

IBB 

100,77 

( 

54) 

77 

0 

MHCR  ”CRCC  "RCC 

I 

( 

5)( 

1) 

lae 

0 

•SnERCE’ 

lei 

0 

'RBYTE  ”*TRflR0”IR 

> 

2..  2 

< 

541  ( 

17)  ( 

41) 

102 

0 

’IF 

’ ZTRBBO’ 

104 

104,103 

( 

54) 

183 

0 

•DECR  "CRCC  ”BCC 

» 

< 

5>( 

1> 

104 

0 

•SnERCE’ 

105 

0 

•RBYTE  ”ZTRflRO’'IR 

• 

1,.  1 

-- 

( 

54)  ( 

17)( 

40) 

106 

0 

•IF 

•ZTRBBO’ 

110 

110,107 

( 

54) 

107 

0 

’RSHFT0'*RCC 

”BCC 

f 

1 

( 

1)( 

1)( 

37) 

110 

6 

•SNERCE’ 

' 

111 

0 

•RBYTE  ”?TRRRO”IR 

f 

6 

( . 

54)  ( 

17)  ( 

35) 

112 

0 

•IF 

•ZTRBBO’ 

114 

114,113 

( 

54) 

113 

0 

’LSHFT0”«CC 

”RCC 

R 

1 

< 

1)( 

1)( 

37) 

114 

0 

•SNERCE’ 

115 

0 

•JOIN  ’ 

153 

116 

0 

•RBYTE  ”*TRBBO”IR 

0 

6,,  6 

< 

54)  ( 

17)  ( 

45) 

117 

0 

•IF 

•ZTRBBO’ 

121 

121,120 

( 

54) 

120 

0 

•CBLL  ’ 

’ INCRPC’ 

3 

( 

11) 

121 

8 

•SNERCE’ 

122 

0 

•RBYTE  ”XTRRRD”IR 

1 

5..  5 

< 

54)  ( 

17)  < 

44) 

123 

0 

•IF 

•ZTRBBO’ 

12$ 

12$,  124 

1 

54) 

124 

0 

•NOVE  ”PC 

”L 

> 

1 

26)  ( 

22) 

12-- 

8 

•SNERCE’ 

126 

• 

•RBYTE  ”XTRBBO”IR 

f 

♦ * 

( 

54)  ( 

17)  ( 

43) 

127 

0 

•IF 

•ZTRBBO’ 

131 

131,130 

( 

54) 

130 

0 

•RBYTE  ”PC 

”CBCC  ’ 

2..  0 

i 

26)  ( 

5)( 

4«) 

131 

8 

•SNERCE’ 

132 

0 

•RBYTE  ”*TRBBO”I« 

» 

9..  3 

( 

54)  ( 

17)  ( 

42) 

133 

0 

•IF 

•ZTRBBO’ 

13$ 

13$, 134 

( 

54) 

134 

» 

•CLEBR  ’’RUN 

\ 
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INDEX  inBEL  Fine 


135 


OPCODE  DCST 
■SnERCE’ 


SOURCE  1 SOURCE2  flERCE  PRTNS 


136 

0 

•RBYTE 

’XTRRRO”IR  ’ 

2,.  2 

( 54)  ( 17)  ( 

41) 

137 

0 

’RNO 

’XTRflfiO”XTRflflO” 

SIGN.B’ 

( 54)  ( S4)( 

30) 

140 

0 

'EOL 

’XTFfiRfl”9CC 

0 

( 50)  ( 1)( 

36) 

141 

0 

’KBYTE 

’XTRRRE”IR  ’ 

1..  1 

( 55) ( 17)  ( 

40) 

142 

0 

’KNO 

’XTRfiRE”XTRRRE” 

XTFRRR’ 

( 55) ( S5)( 

SO) 

143 

0 

’OR 

’XTRRRO”XTRflRO” 

XTRRRE’ 

( 54) ( 54)1 

55) 

144 

0 

’NOT 

’XTRfifiF”SIGN.B’ 

( 56) ( 30) 

145 

0 

’KBYTE 

’XTRRflH”IR  ’ 

e 

( 60)  ( 17)  ( 

35) 

146 

0 

’RNO 

’XTRRflH”ZTRfiRH” 

XTRORF’ 

( 60)  ( 60)  ( 

56) 

147 

0 

’OR 

’XTRflHO”XTRflRO” 

XTRRRH’ 

( .54)1  54)1 

60) 

150 

0 

’IF 

’XTRflflO’ 

152 

( 54) 

151 

0 

’CRLL 

’INCRPC’ 

3 

I 11) 

152 

0 

’SnERGE 

153 

0 

’SnERGE 

154 

0 

’SHERCE 

155 

0 

’SnERGE 

156 

0 

’HOOP 

’STRRT  ’ 

It 

( 31) 

157 

0 

’JOIN 

’STRRT  ’ 

It 

( 31) 

160 

0 

’NOOP 

’NINI  ’ 

1 

( 24) 

161  ’STOP  ’ 

1 

’STOP 

32) 
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9.  Appendix  11  - ISPL  Reserved  Keywords 


The  following  Keywords  and  identifiers  are  reserved  in  the  language; 
AND 

BAILOUT 

DFCLARE 

oecooE 

DELAY  (not  described  in  this  manual) 

EOL 

EQV 

ERALCEO 

GEO 

GTR 

IF 

L5S 

LEO 

MACRO 

MINUS 

NEQ 

NEXT 

NOT 

OR 

STOP 

T5T 

WAIT  (not  described  in  this  manual) 

XOR 
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10-  Appftnd»ju^Tt»,gI.Q£l?i{EQ  fiH. 


XTTESTOP.fZH, 

XTEQLOP.mi, 

XTNEQQP«#2a2, 

XTLSS0P.#2t3, 

XTLEQ0P.#2a«, 

XTCEQ0P«#2eS, 

XTCTR0P.#2a6, 

XTnovEOP.«2ia, 

XTCLERR0P>a211, 

XTN00P>«212, 

XTUBVTE0P>#213, 

XTRBYTE0Pof214, 

XTREnOOP>#22t, 

XTURITE0P«#221. 

XTLR0T0P.#226, 

XTRR0T0P«#227, 

XTN0T0P«/23a, 

XTINCR0P«#231. 

XTDECR0P>i«232, 

XTLSHFT0P-#233, 

XTRSHFT0P.#23«, 

XTnND0P.#235, 

XT0R0P>#236. 

XTX0R0P.#241, 

XTEaV0P.#242. 

XTR000P.jr243, 

XTSUB0P>f244, 

XTLSMFT10P-#245, 

XTRSHFT10P-f246, 


XTLSHFTB0P.#247, 

XTRSHFTS0P<f2Sa, 

XTC0NC0P.f251, 

XTNEG0P.#252, 

XTSUBTU00P-#253,  ITho'b  CenelaMnt  SuPtract 

XTnULT0P>f3aB. 

XTDlV0P.#3tl. 

XTIF0P-#35t. 

XTRETURN0P«#3S1, 

XTISP0P«#3S2, 

XTPJ0IN0P-#353, 

XTBBIL0UT0P.«3S1, 

XTCnLL0P«a363, 

XTJ0IN0P«#365, 

XTBBflNCH0P-f371, 

XT0IVER6E0P.«372, 

XTSnERGE0P>#373, 

XTPI1ERGE0P-f374, 

XTSTRRT0P-#376, 

XTST0P0P-#377, 
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1 1.  Appendix  IV  - The  Multiplier  MACROlO  Format 

Another  version  of  the  RTM  code  intended  for  machine  consumption  consists  of  a 
MACROlO  program  in  which  all  the  information  in  the  symbol  and  statement  tables  is 


encoded  as  MACROlO  statements  (all  of  which  are  in  fact,  data  definition  statements). 

In  order  to  understand  the  RTM  tile  (the  ISR  and  listing  files  associated  with  this 
example  were  described  previously,  in  the  section  describing  the  compiler  output),  the 
reader  should  have  a working  knowledge  of  BLISSIO,  enough  to  understand  the 
SIMISP.REO  file  describing  the  structure  of  the  MACROlO  statements.  The  SIMISP.REQ 
file  IS  given  after  the  example. 


;nRF  ISP  COnPlLER  - JUNE  1976 


TUOSEC 

INTERN 

SYTRBL , STTflBL , SYTOP, STTOP, ISPTIT 

INTERN 

ISPTNn, ISPEXT, ISPOflT, ISPTin, ISPPPN, ISPVER 

RELOC  ' 

t0ee88 

7B8085:  EXP 

0,17,17,8,-1 

7B8883:  EXP 

0,17,17,0,-1 

J'Be88l:  EXP 

0,17,17,0,-1 

S80825:  EXP 

27,26 

$88886:  EXP 

7,11 

REIOC 

0 

SYTBBL: 

BYTE 

(9)8, 200(18)0, 8, 0,0,6(36)’#  ’,8 

BYTE 

(9)2,2e0(18)6,0,20,0,7B0081(36)’C 

’.‘l 

BYTE 

(9) *,204 (18) 0,1 7, 8, 0,8 (36) ’Ll  ’,8 

BYTE 

(9) 2, 200 (18) 0,0, 28, 0,760083 (36) ’HP0 

M 

BYTE 

(9)4,20*(18)0,l,0,8,0(36)’nULT  ’,8 

BYTE 

(9) 2, 208 (18) 8, 0,28, 0,760885 (36) ’P 

’,1 

BYTE 

(9)4, 214 (18) 0,3, 8, 0,0(36) ’STEP  ’,8 

BYTE 

(9) 4, 285 (18) 0,32, 8, 0,8 (36) ’STOP  ’,8 

BYTE 

(9)5,201(18)0,0,1,0,8(36)  0,8 

BYTE 

(9)3,201(18)0,0,1,0,0(36)  0,0 

BYTE 

(9)3,281(18)0,0,1,8,8(36)  1,8 

BYTE 

(9)3,201(18)0,0,4,0,8(36)  10,8 

BYTE 

(9)5,201(18)8,0,28,0,8(36)17888008,8 

BYTE 

(9)10,28K18)0,8,l,0,0(36)’ZTFRRn’,e 

BYTE 

(9)7,201(18)8,0,21,0,8i36)’7TRqflP’,8 

BYTE 

(3)7,201(18)8,0,20,0,8(36)’ZTRflflB’,0 

BYTE 

(9) 7, 201 (18) 0,8, 1,0, 8(36) ’ZTRRBC’, 8 

STTPBL: 

BYTE 

(9)0,376(18)2361(12)8,0,8(18)8,16,0,8 

BYTE 

(911,373(18)5261(12)0,6,0(16)8,8,8,4 

BYTE 

(9)8,352118)4301(12)8,0,8(18)0,2,8,8 

BYTE 

(9)1,373(18)5261(12)0,8,8(18)0,8,8,6 

BYTE 

(9)8,352(18)4301(12)0,8,8(18)8,3,8,1 
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BYTE  (9>S, 214 (18) 11221(12)26, 5, lt(18)8, 8, e,S 

BYTE  (9)8,371(18) 13461 (12)8,28,8(18)2, 14, $88886, 8 

BYTE  (9)8,234(18)7878(12)5,5,11(18)8,8,8,8 

BYTE  (9)8,365(18)2341(12)8,8,8(18)8,14,8,8 

BYTE  (9)8,243(18)7121(12)16,5,3(18)6,8,8,8 

BYTE  (9)8,214(18)11221(12)17,16,14(18)8,8,8,8 

BYTE  (9)8,234(18)7878(12)5,17,11(18)8,8,8,8 

BYTE  (9)8,373(18)5261(12)6,8,8(18)8,8,8,8 

BYTE  (9)8,351(18)1421(12)8,6,8(18)8,3,8,8 

BYTE  (9)8,218(18)18821(12)1,13,8(18)8,8,8,8 

BYTE  (9)1,373(18)5261(12)8,8,8(18)6,8,8,2 

BYTE  (9)8, 352 (18)4361(12)8, 8, 8(18)8, 4, 8, 8 

BYTE  (9)8,363(18)2481(12)8,6,8(18)8,3,8,8 

BYTE  (9)8,232(18)18624(12)16,1,8(18)8,8,8,8 

BYTE  (9)8,214(18)11221(12)1,16,14(18)8,8,6,8 

BYTE  (9)8,282(18)7842(12)15,1,11(18)8,8,6,8 

BYTE  (9)8, 358(18)6241  (12)8, 15, 8(18)2, 27, $88825, 8 

BYTE  (9)4,365(18)2341(12)8,2,8(18)8,17,6,6 

BYTE  (9)6,373(18)5261(12)6,8,8(18)8,8,6,8 

BYTE  (9)8,212(18)212(12)8,2,8(18)8,17,8,8 

BYTE  (9)8, 212(18)212(12)8,;, 8(18)8, 1,8, 8 

BYTE  (9)1,377(18)1441(12)8,8,8(18)8,8,8,7 

SYTOP!  EXP  28 

STTOP:  EXP  32  , 

ISPTIT:  nSCIZ  'Friday  23  Jul  76  19t22:58  TEST.  ISP (N655nB25} ' 

ISPFNHi  SIXDIT  'TEST  ’ 

ISPEXT:  SIXBIT  'ISP  ’ 

ISPDOT:  nsCI^  '23  Jul  76’ 

ISPTin:  nsciz  ’19:22:58’ 

ISPPPN:  EXP  32548,334165 

ISPVER:  EXP  8, 8, 8, 6 

END 

The  MACROlO  program  siarts  by  declaring  certain  symbols  to  be  accessible  to 
separately  cornpiled  modules.  This  is  done  with  the  INTERN  MACROlO  operator.  The 
symbols  in  question  are  the  base  address  for  the  symbol  and  statement  tables  and  the 
number  of  entries  in  each  table  (actually  the  index  of  the  last  entry,  the  first  entry  has 
index  0).  The  user  therefore  can  access  the  symbol  table  entries  between 
SYTABL[0,<fieldname>]  and  SYTABL[e)SYTOP,<fieldname>]  and  the  statement  table 
entries  between  STTABL[0,<fieldname>]  and  STTABL[©STTOP,<fieldna(T)e>]. 

The  MACROlO  program  is  divided  in  two  segments,  the  high  segment  contains 
the  bit  and  word  lists  of  the  symbol  table,  as  well  as  the  label  lists  of  the  statement 
table.  The  low  segment  contains  the  symbol  and  statement  tables  properly. 
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The  bit  and  word  lists  are  declared  as  a list  of  expressions,  using  the  EXP 
MACROlO  operation,  each  element  of  the  list  takes  a full  word  on  the  PDP-10.  Each  bit 
and  word  list  is  identified  by  a label  of  the  form:  7Bnnnn  for  bit  lists  and  2Wnnnn  for 
word  lists  were  nnnn  is  the  index  of  the  symbol  fable  associated  with  the  bit/word  list. 
Every  element  of  a bif/word  list  appears  as  a pair  of  consecutive  elements  in  the  EXP 
statement.  The  first  (odd)  element  is  the  bit/word  name.  The  second  (even)  element  is 
the  bit/word  position.  The  bit/word  list  ends  with  a -1  as  a bit/word  name  element. 

The  statement  table  label  lists  appear  as  lists  of  expressions,  again  using  the 
EXP  operation.  These  lists  are  identified  by  a label  of  the  form  Innnnn  were  nnnnn  is 
the  index  of  the  statement  table  associated  with  the  label  list.  There  is  no  need  for  a 
special  list  terminator,  the  statement  table  entry  contains  a count  or  vector  length  for 
its  label  list,  if  any. 


j 

i 
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riflCRO 

STFLPCS=e,27,9S,  IRSSORTEO  aflCS  FOR  THE  STRTEneNT 

STOPeRRTION=e,18,3S,  lOPERRTION  CODE.  SEE  XTOP.REQ 

sTnRF0Pce,e,i3$,  i rrf  operation  code 

ST0ESTINRTI0N:1,24,12S,  (DESTINATION  VARIABLE  SYHBOL  TABLE  INDEX 
STSOURCE1c1,12,I2S,  <S0URCE1  variable  SYHBOL  TABLE  INDEX 

STSOURCE2.1,e,121,  (SOURCE2  " ... 

STSC0UNT<2,18,18S,  iNUHBER  OF  ELEHENTS  IN  STSLIST. 

STLRBEL>3.e,18S,  (SYHBOL  TABLE  INDEX  OR  1. 

STnERGELRBEL>2,B,18S,  'LABEL  OF  THE  ASSOC.  HERGE  STATEHENT  FOR 

(XTOIVERGE  .XTBRANCH  AND  XTCALL  OPS. 

■LABEL  OF  ASSOC.  STATEHENT  FOR  XTCRLLOP. 
STSLIST.3,18,18»i  'POINTER  TO  VECTOR  OF  SUCCESSOR  STATEHENTS. 

(STSUCSTRUCT  IS  HAPPED  ONTO  THE  VECTOR 


BIND  (THE  STTABLE  FLAGS 

STUSERLAB^’ITB,  'STATEHENT  LABEL  UAS  DECLARED  BY  USER 

STBREAK.ltl,  (BREAK  FLAG.  SIHULATOR  BREAKS  AFTER  FLAGGED 

'STATEHENTS  ARE  EXECUTED 

STTRACE>lt2,  (TRACE  FLAG.  SIHULATOR  UILL  PRINT  VARIABLES 

( AFTER  EXECUTION. 

STREC0R0.1t3,  'RECORD  THE  SIHULATEO  TIRE  OF  EACH  EXECUTION 

STIGNOREO>ir4,  (FLAGS  01  VERGE, PHERGE  AND  ASSOC.  JOINS  AS 

(DELETED  STATEHENTS (! 

ST0PRQUE<lt5,  I DISABLES  READ/URITE/ACCESS  TALLY 

STETCETC«8|  (ADO  ANY  OTHER  FLAGS  YOU  LIKE 

BIND 

STENTRYSIZE.4;  (4  MOROS/ENTRY 

STRUCTURE  STSTRUCTURE(IN0EX,U0R0,P,S1>(.ST5TRUCTURE4. INOEXtSTENTRYSIX^.UOROU.P, .S>| 
EXTERNAL  STSTRUCTURE  STTABLE > 'THE  STATEHENT  TABLE 

EXTERNAL  STTOP;  (THE  INDEX  OF  THE  LAST  STTABLE  ENTRY  (STARTING  FROfl  •) 


HACRO 

STSUCLRBEL«L8,I8S,  (THE  SUCCESSOR  LABEL 

STSUCINDEX>B,18t;  (THE  SUCCESSOR  INDEX 

STRUCTURE  STSUCSTRUCT (UORO, P, SI ■ (. STSUCSTRUCT^. UORO) <.P, . S>| 
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[ 12.2.  The  Sumbol  Tab  It 


MOCRO 

SyTYPE=0,?7,9$, 


SYFLOGS=0. 18,9$, 

SYOEnNITION=e,0.18$, 

SYLflBEL^l, 18,18$, 

SYBITCNT=1,0,18$, 

SYURDPTRr?,18,18$, 

SYB!rPTR=2,0.18$, 

SYPNnnE=3,8.36$, 

SYUROCNT=*.0,36$j 


'THE  ENTRY  TYPE  (l=t1Ef)0RY,2.RECISTER,3.C0NSTIM(T, 
i^.LRBEL,  ScHRSK,  6>FLRC,  7«TRECISTER,  iK-TELflC) 
•nSSORTEO  Fines  FOR  THE  ENTRY 
■INDEX  OF  nsSOCIRTED  ENTRY.  USED  FOR  REG-OEFINITIONS 
■INTERNRl  STHTEHENT  TABLE  INDEX  FOR  ENTRIES  OF  TYPE-* 
'NUMBER  OF  BITS/UORD  OR  CONSTRNT  LENGTH 
IPOINTER  TO  UORD  LIST  (ONLY  FOR  TYPE.l) 

'POINTER  TO  BIT  LIST  (ONLY  FOR  TYPE«1  OR  2) 

' SIXBIT  STRING  FOR  VRRIRBLES,  VALUE  FOR 
'CONSTANTS  ANO  (lASFS  (LEFTBIT,  ,RICHT*IT> 

'NUMBER  OF  UORDS  (ONLY  FOR  TYPE«1) 


BIND 

SYENTPYSI2Er5, 

SYSY3TEMVnR,l10, 

SYBREnX-in. 

SYTRnCE=l 12, 

SYPRIM0RYrlT4, 

SYSECONDORYrltS, 

SYBITnOOPFS3=ltG, 

TYPEM£MORV=l, 

TYPEREGISTERr2, 

TYPECONSTRNrrS, 

TYPELnBEL-4. 

TYPEMPSKsS, 

TYPEFLPGsG, 

TYPETREGISIER=7, 

TYPETFLnC=8; 


'5  UORDS/ENTRY 

'SYSTEM  OECLAREO  VAR.  (TYPE=3,5, 7,#ll) 

'BRERX  FLAG.  USED  ONLY  FOR  LABELS. 

'TRACE  FLAG.  SIMULATOR  TELLS  AFTER  VARIABLE  IS  HRITTEN  INTO. 
'INDICATES  VAR.  IS  LEFT  HALF  OF  REC-OEFINITION 
IINOJCATES  VAR.  IS  RIGHT  HALF  OF  REG-OEFINITION 
'INDICATES  STORAGE  IS  BIT  ADDRESABLE 
'FOR  SYTYPE  ABOVE 


STRUCTURE  SYSTRUCTURE  ( INDEX  ,UORO,P,  SI  = (.SYSTRUCTURE*.  IMOEX*SYENTRYSIZE4.UORO»<.P,  .S>j 

EXTERNAL  SYSTRUCTURE  SYTABLEj  'THE  SYMBOL  TABLE 
EXTERNAL  SYTOP;  'THE  NUMBER  OF  ENTRIES  -1  (l.E.  MAX  INDEX) 

STRUCTURE  I VECTOR  INOX)  = III  (.. I VECTOR*. NOX)<0,36>; 

EXTERNAL  ISPTIT,  ISPFNAM,  ISPEXT,  ISPPPN,  ISPOAT,  ISPTIM,  ISPVER} 
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I STFLRCS  ( STOPERRTION  I STRRFOP 


STOESTINRTION  I STSOURCEl  I STS0URCE2 


STSCOUNT  1 

1 STNERCELRBEL 

STSLIST  1 

1 STLRBEL 

I STSUC INDEX  I STSUCLRBEL  I 

I I 

I STSUCINOEX  I STSUCLRBEL  I 
I -1  I 


1ST  SUCCESSOR 


*STSCOUNT*TN  SUCCESSOR 


SYTYPE  I SYFLR6S 


SYOEFINITION 


1 SYLR6EL 

1 SYBITCNT 

1 SYUROPTR 

1 SYBITPTR 

SYPNRIIE 


SYUROCNT 


I FIRST  UORO/BIT  NRHE 
I FIRST  UORO/BIT  POSITION 


I LRST  UORO/BIT  NRHE 
I LRST  UORO/BIT  POSITION 
I -1 
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Abstract  | 

The  simulator  described  in  this  manual  will  interpret  the  output  of  the  ISPL  I 

compiler,  the  RTM  code,  thus  allowing  the  users  a generalized  computer  architecture 
simulation  facility.  This  manual  describes  the  commands  available  to  the  users. 
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1.  Introduction 

The  ISPL  compiler  translates  Computer  Architecture  (Instruction  Set) 
Descriptions  written  in  a subset  of  ISP  [0ell71]  into  instructions  for  an  idealized 
Register  Transfer  Machine  (RTM)  which  can  perform  the  primitive  Register  Transfer 
Operations  needed  to  fetch,  decode,  and  execute  instructions.  The  ISP  simulator  is  in 
effect  an  implementation  of  the  Register  Transfer  Machine. 

Some  effort  has  been  put  'nto  isolating  the  user  <rom  the  low  level  detail  of  the 
RTM  code.  Under  normal  circumstances,  the  user  will  interact  with  the  simulator  using 
the  names  of  registers,  memoiies,  procedures,  etc,  as  declared  in  the  ISPL  description. 

The  simulator  follows  the  convention  of  the  ISPL  lompiler  with  regard  to  number 
representation,  it  uses  an  unsigned  ipure  magnitude)  representation.  Internally,  the 
simulator  uses  multiple  precision  operations  on  the  PDP-10  to  execute  the  data 
operations  and  transfers.  A current  implementation  lim.tation  sets  a limit  of  140  bits 
for  the  length  of  the  variables  used  in  the  register  transfer  operations  (beware  that 
the  ISPL  compiler  will  allow  the  user  to  declare  registers  and  memories  of  arbitrary 
length  - the  simulator  will  warn  the  user  if  any  attempt  is  made  to  operate  on 
variables  larger  than  140  L .). 

Although  concurrency  is  easily  described  in  ISPL,  the  simulator  maKes  no  attempt 
to  provide  this  facility.  It  will  execute  concurrent  operations  in  sequence  and  the  user 
should  avoid  writting  order -dependent  parallel  ISP  statements. 
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2.  From  ISPL  tc  RTM  and  Bevond 

The  process  of  obtaining  a running  simulator  given  a syntactically  correct  ISP 
description  is  rather  simple.  The  ISPL  compiler,  in  the  abscence  of  serious  errors,  will 
produce  a MACROlO  program  containing  the  RTM  object  code.  This  program  should  be 
assembled  in  order  to  produce  a ralocatable  PDP-10  binary  file.  This  process  is  also 
handled  by  the  ISPL  compiler  (i.e.  it  will  generate  the  RTM  file  and  then  invoke  the 
MACROlO  assembler).  At  the  end  of  the  compilation  the  user  has  the  following  files 
(assume  that  the  original  ISP  files  was  X.ISP): 

X.ISP  (The  source  file) 

X.LST  (The  listing  file,  described  in  the  ISPL  compiler  manual) 

X.RTM  (The  object  file,  described  in  the  ISPL  compiler  manual) 

X.REL  (The  relocatable  binary  version  of  the  X.RTM  file) 

At  this  point  you  can  get  rid  of  the  X.LST  and  X.RTM  files,  as  far  as  the  simulator 
is  concerned,  they  ere  not  needed  at  all.  Hold  onto  the  X.REL  file  for  dear  life,  unless 
cycles  are  cheap  at  your  installation  and  can  afford  to  run  the  ISPL  compiler  as  often 
as  you  please.... 

The  simulator  consists  of  a group  of  (currently  7)  binary  files  that  must  be 
linked,  usir>g  one  of  the  standard  POP- 10  CUSPs,  with  the  )CREL  file.  Once  this  is  done, 
you  can  save  the  core  image  and  you  are  all  set  to  go.  The  exact  procedure  might 
change  from  installation  to  installation,  depending  on  whether  you  use  LOAD  or  LINKIO. 

A typical  procedure  might  look  like: 

EXECUTE  X.REL41ISPSMCMD 

<or  alternative,  if  you  have  the  LINK-10  loader  in  your  system:> 

R LINK 
ax.REL 

••ISPSIM.CMO 
a<any  switches  you  want> 
a/SSAVE  X 
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*/GO  ' I 

\ 

The  above  sequence  will  produce  two  files:  X.SHR  and  X.LOMf.  These  are  your  j 

ISPL  description  compiled,  linKed,  saved,  and  ready  to  run:  | 

1 

RU  X < and  off  you  go!,  good  lucK!>  . j 

\ 

t , i 

1 


t 


f 

& 

I 

c- 

r 


The  simulator  accepts  a small  number  of  commands,  using  a fixed  format: 

<Keyword>  <parameter>  <parameter>  ^ 

Only  one  command  is  accepted  per  line.  Commands  might  be  typed,  in  upper  or 
lower  case,  directly  from  the  user’s  terminal  or  can  be  retrieved  from  command  files 
(the  latter  can  be  done  recursively,  up  to  16  levels  of  nested  command  files). 
Comments  can  be  inserted  in  the  command  stream  by  typing  a T followed  by  any 
arbitrary  string.  The  command  scaner  will  ignore  anything  between  the  T and  the  end 
of  the  line.  Most  parameters  represent  ISPL  variable  names  or  numeric  values.  The 
latter  can  be  typed  in  several  modes  (Bnary,  Octal,  Decimal,  and  Hexadecimal)  and 
there  are  facilities  to  set  up  a proper  default  value  of  the  type-in  type-out  radix. 

All  variables,  labels,  and  constants  defined  in  the  ISP  source  program  have 
activity  counters  associated  with  them.  This  allows  the  user  to  collect  statistical  data 
when  running  benchmark  programs  urider  the  simulator.  There  are  commands  to  clear, 
preset,  and  interrogate  the  value  of  these  counters. 

The  commartd  language  include  a group  of  commands  to  trace  variables,  start, 
break,  and  continue  a simulation  run,  as  well  as  commands  to  set  and  Interrogate  the 
values  of  the  register  and  memories  of  the  target  machine. 

When  the  simulator  is  running  and  the  user  suspects  an  infinite  loop  of 
instructions,  typing  a t (Altmode)  will  break  the  execution.  Actually,  any  type  ahead 
will  produce  an  interruption,  t is  the  preferred  mode. 

3.1.  START  and  CONTinue 
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START  <label>  is  the  command  used  to  begin  the  simulation  of  an  ISP  procedure 
or  main  program.  <label>  is  the  name  of  a procedure  declared  in  the  ISP  description. 

The  START  command  is  valid  only  at  the  top  level  of  simulation.  Thus,  after  a 
breakpoint  in  the  simulation  the  user  must  use  the  command  CONT  to  proceed. 

3.2.  EXIT 

EXIT  is  the  command  used  to  finish  a simulation  run.  It  allows  an  orderly  return 
to  the  POP- 10  monitor.  EXIT  closes  the  files  that  might  have  been  created  with  the 
OCONNECT  command.  Typing  tC  will  return  to  the  monitor  but  CONNECTed  files  will  be 
lost. 

3.3.  READ  and  DUMP 

READ  <dev:filename.ext[ppn]>  allows  the  user  to  specify  a file  containing 
simulation  commands.  Essentially,  READ  substitutes  the  user  terminal  with  the  file  and  | 

proceeds  to  read  and  execute  commands  until  the  end  of  the  file  is  found,  at  which 
point  the  user  terminal  is  again  the  command  input  device.  Defaults  are  DSK  (device), 

SIM  (extension)  and  current  user’s  PPfyL  Command  files  can  contain  comments.  A 
comment  is  anything  between  a ! and  the  end  of  a line. 

DUMP  is  used  to  save  the  status  of  a simulation  run.  DUMP  creates  a file 
containing  the  values  of  each  variable  (if  non-zero),  trace/break  flags,  read/write 
counters,  etc.  The  file  created  by  DUMP  can  be  read  by  the  READ  command,  thus 
allowing  a simple  way  of  reinitializing  a simulation  at  the  point  the  DUMP  command  was 
issued. 
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3.4.  ECHO  and  DECHO 

j 

ECHO  and  DECHO  are  commands  used  to  sat  an  internal  flag  that  controls  the  | 

1 

I 

ECHOing  of  the  commands  being  read  from  a command  file  onto  the  user  terminal.  I 

, j 

After  the  ECHO  command  is  issued,  the  execution  of  a READ  command  will  type  onto 
the  user’'s  terminal  the  command  lines  as  they  appear  in  the  command  file.  DECHO 
disables  this  type-out.  ECHO  and  DECHO  can  be  issued  from  Inside  the  command  file 
thus  allowing  a selective  type-out.. 

3.5.  RADIX 

RADIX  <base>  is  used  to  set'  the  numeric  base  to  be  used  for  typing  in  and  out. 

<base>  is  one  of  the  following  strings:  BINARY,  OCTAL,  DECIMAL,  or  HEX.  If  base  is 
ommited  the  command  simply  types  the  name  of  the  current  base  without  altering  it. 

The  current  base  setting  might  be  bypassed  on  input  by  prefixing  the  constant  with 
one  of  the  following:  * (binary),  a (octal)  or  * (hex).  Regardless  of  the  current  radix, 

HEX  constants  which  begin  with  a letter  MUST  be  prefixed  with  ” (this  is  a requirement 
that  will  be  lifted  in  a future  release). 

3.6.  CTR.  SETCTR.  and  Ol,TCTR 

CTR  <name>  displays  the  value  of  the  counte ’(s)  associated  with  <name>.  These 
counters  are  tagged  with  R,  W,  or  L to  indicate  wh'ttiivr  they  are  the  Read^  Write,  or 
Label  count  respectively.  SETCTR  <name>  <readcounter>  <wrltecounter>  allows  the 
viaer  to  specify  *he  setting  of  these  counters.  If  <nafAe>  is  a label,  then  the 
• •eete«w<«er>  pieys  ttw  rote  of  label  count.  If  the  <..xountor>  valuas  are  ommittad 
•e  0 |-itsstf  of  <name>  the  uaer  may  specify  ALL  and  the  command  is 
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applied  to  all  the  variables  and  labels.  All  read/write  counts  are  expressed  in  terms  of 
8-bit  bytes.  Thus,  reading  a 16  bit  register  increments  the  R counter  by  2.  The 
register  lengths  are  rounded  up  to  the  next  multiple  of  8 before  incrementing  the 
counter:  A 19  bit  register  counts  as  3. 

OUTCTR  <filename.ext[ppn]>  is  a subset  of  the  DUMP  command.  It  creates  a file 
(default  extension  CTR)  with  the  values  of  of  all  non-zero  counters. 

3.7.  OPAQUE  and  DQPAOUe 

OPAQUE  <label-list>  and  DOPAQUE  <label-list>  are  used  to  inhibit  or  enable  the 
variable  and  label  activity  counters.  The  parameters  to  these  two  commarKis  are  labels 
or  procedure  names.  If  a procedure  is  OPAQUEd  then  no  activity  counts  are 
incremented  during  its  execution.  The  DOPAQUE  command  re-enables  the  activity 
counting.  These  two  commands  affect  only  those  procedures  named  in  the  parameter 
list.  Procedures  called  by  OPAQUEd  or  OOPA(}UEd  procedures  are  not  affected. 

3.8.  VALUE  and  SETVALue 

VALUE  and  SETVALue  are  the  commands  used  to  set  and  interrogate  the 
contents  of  the  ISP  variables.  The  valid  formats  are: 

VALUE  <regname>  (displays  the  value  of  a single  register) 

VALUE  <memname>  [ <fromword>  {:  <toword>)  ] (displays  the  values  stored  in  a 

memory). 

SETVAL  <regname>  - <value>  (stores  <value>  into  the  register) 

SETVAL  <memname>  [ <fromword>  ] - <value-list>  (stores  into  the  memory.  If  more 

than  one  value  is  specified,  they  are  stored  in  succesive 
memory  positions,  starting  at  <fromword>). 
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3.9.  TRACE.  UTRACE.  DTRACE.  and  TELLTRace 

{TRACE  I UTRACE  1 DTRACE}  <variable-list>  are  the  commands  used  to  enable  or 
disable  the  tracing  of  variables  during  the  simulation.  If  the  identifier  ALL  is  specified 
instead  of  a variable  list,  the  command  applies  to  all  variables.  TRACE  and  UTRACE 
differ  in  that  the  former  applies  to  all  variables  (including  compiler  declared  temporary 
registers  and  flags)  while  the  latter  only  applies  to  user  declared  variables  (registers 
and  memories).  DTRACE  is  used  to  disable  the  tracing. 

TELLTRace  will  type  on  the  user’s  terminal  the  list  of  variables  currently  being 
traced. 

3.10.  BREAK.  DBREAK.  and  TELLBReak 

(BREAK  I DBREAK}  <label-list>  are  the  commands  used  to  enable  or  disable  the 
setting  of  breakpoints  during  the  simulation.  The  parameters  are  either  ISP  procedure 
names  or  labels.  TELLER  displays  on  the  user’s  terminal  the  list  of  breakpoint  names. 

.3.1 1.  .tjHRFAK.  DSBREAK.  and  TELLSBreak 

These  commands  are  similar  to  BREAK,  DBREAK,  and  TELLBReak  but  instead  of 
using  ISP  labels  as  parameters  they  take  RTM  statement  numbers.  Thus  allowing  a 
finer  degree  of  control  on  the  placement  of  the  breakpoints.  These  commands  are  not 
particularly  useful  for  the  normal  user,  who  should  not  be  concerrwd  with  the  RTM 
code. 

3.12.  ICQNNEct  and  OCONNEct 

ICONNEct  <identifier>,<channel-number>,<variable-name> 

OCONNEct  <identifier>,<channel-nomber>,<variable-name> 
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These  commands  are  used  to  "connect”  ISP  variables  to  PDP-10  ASCII  files 
which  will  act  as  potentially  infinite  sources/sinKs  for  variable  values.  When  a variable 
is  connected  to  an  input  file,  each  time  the  variable  is  accessed,  the  value  will  be 
obtained  from  the  file  instead  of  the  simulated  storage  allocated  to  the  variable. 

Similarly,  writting  into  a variable  that  has  been  connected  to  an  output  file  results  in 
the  value  being  written  into  the  file  (as  well  as  into  the  storage  allocated  to  the 
variable).  The  format  for  both  input  and  output  files  is  the  same:  one  number/line.  j 

The  file  names  are  created  by  the  simulator  and  consist  of  the  first  parameter  to 
the  command  (the  <identifier>)  as  the  file  name,  with  extension  ICn  (ICONNEct)  or  OCn 
(OCONNEct),  where  n is  the  user  specified  channel  number.  The  current  implementation 
only  allows  up  to  three  input  and  three  output  channels  open  simultaneoulsy.  Thus  the 
only  valid  channel  numbers  are  1,  2 and  3. 

3.13.  HELP 

HELP  fells  the  user  about  the  command  names  and  their  format.  HELP 
<commandname>  tells  the  user  about  a specific  command. 
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4.  Storage  Mapping 

The  simulator  allocates  space  for  the  registers  and  memories  declered  in  the 
RIM  symbol  table  using  contiguous  storage  on  the  memory  of  the  POP-10.  The  fact 
that  the  POP- 10  is  a 36  bits/word,  2’s  complement  machine  is  completely  transparent 
to  the  user.  All  RTM  operations  are  interpreted  rather  than  compiled  into  PDP-10 
instructions.  Moreover,  the  simulator  does  not  impose  any  limitations  derived  from  the 
word  length;  ISPL  registers  and  memories  are  allocated  contiguous  bit  strings  on  the 
PDP-10. 

The  use  of  logical  register /memory  declarations  in  the  ISPL  description  presents 
the  following  problem:  The  ISPL  compiler  allows  the  user  to  define  arbitrary  mappings 
between  bits  of  the  left  and  right  hand  sides  of  the  logical  declaration,  the  only  check 
made  at  that  point  is  that  the  number  of  bits  is  the  same.  From  the  simuletor  point  of 
view,  it  could  be  posible  to  Implement  arbitrary  bit  mappings  at  a tremendous 
degradation  in  performance  (accessing  a bit  of  a register  or  memory  word  thet  is 
mapped  onto  some  other  component  implies  searching  a table  of  bit  name/position 
equivalences;  having  to  follow  this  procedure  bit  by  bit,  even  for  full  register/word 
accesses  could  be  hard  to  justify).  The  simulator  makes  a compromise  between 
convenience  to  the  ISPL  writer  and  efficiency  of  simulation.  The  solution  adopted  is  to 
restrict  the  types  of  mappings  that  the  simulator  can  handle:  lU  thft  bill  fit  tbfi  right 
hand  side  of  a logical  declaration  must  be  contiguous.  Continuity  Is  defined  in  terms  of 
the  word/bit  naming  convention  used  in  the  main  declaration  of  the  register/memory 
used  on  the  right  hand  side  of  the  logical  declaratioa  There  are  no  limitations  as  to 
what  can  appear  on  the  left  hand  side  of  the  logical  declaration,  these  bits  are  bv 
definition  contiguous. 
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Specifically,  the  following  are  the  valid  types  of  mappings  allowed  by  the 
simulator: 

1)  If  the  right  hand  side  of  a mapping  was  declared  as  a register,  the 
structure  of  the  right  hand  side  must  specify  a contiguous  string  of 
bit  names  as  specified  in  the  main  declaration.  The  number  of  bits 
may  range  from  1 to  the  entire  register  length  and,  for  proper 
subsets  of  the  main  declaration,  may  be  located  anywhere  in  the 
register. 

2)  If  the  right  hand  side  of  a mapping  consists  of  a single  memory  word, 
the  valid  mappings  are  those  defined  as  above. 

3)  If  the  right  hand  side  of  a mapping  consists  of  a set  of  memory 
words,  the  structure  of  the  right  hand  side  must  specify  a contiguous 
string  of  full  words  as  specified  in  the  main  declaration.  The  number 
of  words  may  range  from  1 to  the  entire  memory  range  and,  for 
proper  subsets  of  the  main  declaration,  may  be  located  anywhere  in 
the  memory. 
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4.1.  Allowable  Types  of  Mapping 


The  following  list  of  memory  maps  gives  a good  coverage  of  the  allowable  cases: 


n [#777777:  #77eeet,#7777i81<7ia>; 
nB[#7777:e]<7ta>  :• 

nBI0(#777777i#77teHl<7iS>  :• 

nU[#3777;ei<lS!B>  i> 

nUI0(#377777:#378eaBl<lSiB>  f 


'THE  RDORESSINC  SPACE 
n[#7777in<7iB>) 
n (#777777:  #77BMB1  <7i  t>| 
nt#7777:|]<7:l>| 
n (#777777:  #77BNB)  <7 1 •>  | 


neN8N(e;2S53<B:lS>; 

R9NN8(8:255]<15:8>| 

nNe8N(25S:8]  <8:15>| 

nN8N8(2SS:8]<lS:8>| 

R8N<8:15>t 

RN8<1S:8>| 


nflPll(8:lSl<8;lS> 

nnP12(8:lBl <8:15> 

t1flP13(8:15I<8:lS> 

nnP14(8:lSl<8:lS> 

nnP15(8i21<8:2> 

tinP18t8:2)<8:2> 


nnP21(8:lS]<15:8> 

nRP22(8:lSl<15:8> 

nnP23(8:lS)<lS:8> 

nnP24(8:lSl<lS;8> 

nnP2S(8:2]<2:8> 

nnP26(8:2]<2:8> 


nnP31(lS:81  <8:15> 
nnP32(lS:81<8:lS> 
nnP33(lSi8) <8>iS> 
nnP34(lS:81<8:lS> 
nnP3S(2:81<8:2> 
nRP36(2:81  <8t2> 


nRP41(lS:8]<15:8> 

nflP42(lSt8]<lSl8> 

nRP43(lS:8]<lS:8> 

nRP44(iSi81<15t8> 


R8N8N (188:1151 <8: 1S>| 
R8NN8(188illSl<15i8>) 
RN88N(115:1881<8:1S>( 
RN8N8(llSil88><lSt8>| 
R8N<S:13>; 

RN8<13:S>| 


R8N8N(188:llS]<8ilS>| 

R8NN8(188:11S)<15:8>| 

RN88N(llSil881<8ilS>| 

RN8N8(115:188)<lSi8>| 

R8N<S:13>| 

RN8<13:S>| 


R8N8R(188:llSI<8ilS>; 

R8Na8(188:115]<lS:8>| 

flN88NtllS:188)<8llS>: 

RN8N8(115il881<lSi8>t 

R8N<5:13>| 

RN8<13:5>t 


nRP4S(2t8]<2i8> 

1-  R8N<S:13>| 

nnP46(2i8] <2t8> 

■■  RN8<13tS>i 

nRPSl<8:S> 

!■ 

R8N8N(188]<4i9>i 

nRP52<8tS> 

1 m 

R8Na8(188)<9:4>| 

nRP53<5:8> 

tm 

R8N<Sil8>i 

nnps4<st8> 

tm 

RN8<19iS>| 

R8N8N(188:llS]<8ilS>i 

R8NN8(188ill5)<lSi8>| 

RN88N(llSil88}<8ilS>| 

RN8N8(llSil881<lSt8>( 
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5.  Examples 

i 

This  section  contains  the  transcript  of  several  actual  runs.  The  first  example  is 
based  on  the  small  ISPL  example  described  in  the  ISPL  manual.  The  transcript  for  the 
compilation  phase  of  the  multiplier  example  appears  in  the  ISPL  compiler  manual.  We 
start  from  the  point  right  after  the  MACROlO  assembler  has  generated  the  a.REL  file. 

5.1.  Linking  the  Compiler  Output  with  the  Simulator 

r link 
tm\j  1 1 
keispsim 
*/ssav*  «ul t 
♦ /go 

EXIT 

MULT.REL  is  the  name  of  the  file  created  by  the  ISPL  compiler.  ISPSIM.CMO  is 
the  name  of  the  command  file  containing  the  list  of  files  that  make  up  the  simulator.  It 
also  contains  commands  to  load  the  BLISSIO  run  time  library.  The  use  of  the  SSAVE 
switch  instead  of  the  SAVE  switch  creates  a shareable  version  of  the  program.  Thus 
the  result  of  the  LINK  10  execution  wilt  be  named  MULT.SHRk-MULT.LOW. 


i 
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5.2.  Running  tha  Simulator 


Hare  wa  run  the  program  that  was  created  in  the  previous  transcript.  TYta 
example  maKes  use  of  a few  simple  commands  that  sat  initial  values  in  the  variables, 
selects  some  variables  for  tracing  and  then  starts  the  execution  at  the  main  entry 
point  of  the  description.  The  example  is  simple  and  self  explanatory. 


ru  aul I 

ISP  stnuinToa  V3  - nsl  aar  sracc  2 

Thursday  29  Jul  76  23i42:13  HULT. ISPMSSSami 
SEaiPLIZRTION  C0I1PLETC0 
SPaCE  RLlOCaTEO 
TVPE  HELP  FOa  HELP 

TYPE  <ESC>  TO  INTEaaUPT  SinULPTIOa  LOOPS 

>radlx  octal 
>sotval  p*2 
>soivai  ■pdoaaa 
>traeo  aaS.a.c 
>start  16 

0 L6  *i2  C 

a STEP  P 

a LI  c 

0 STEP  4«16  P 

a LI  c 

a STEP  aM  P 
a LI  ♦#«  C 

a STEP  P 

0 LI  C 

a STEP  P 

a LI  c 

a STEP  P 

a LI  ♦#«  c 

a STEP  P 

e LI  aM  C 

a STEP  P 

a LI  c 

SimitaTION  COHPLETEO 

aUM  TIRE (it  usoc  unllB)a4626t 
am  OPS  EXECUTEOaiSO 

>voluo  p 
P a#14 

>valu«  mp4 
NPO  ■#3606 

>«xlt 
EXIT 


I #6  on  loM  hoM  •( 


>#16 

■#i 

mg? 

-#1466 

-#6 

>#666 

>#6 

>#366 

>#4 

-#146 

■#3 

>#66 

>#2 

>#36 

>#1 

>#14 
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When  the  simulator  starts  it  performs  two  preliminary  operations:  1)  It 
transforms  the  RTM  statement  table  eliminating  the  DIVERGE/PMERGE  operations  that 

define  concurrent  operations,  and  2)  It  allocates  space  for  the  registers  and  memories  1 

k 

I 

declared  in  the  RTM  symbol  table.  The  simulator  then  types  two  messages  advising 

i 

the  user  of  the  e>iistance  of  the  HELP  command  and  of  the  use  of  the  <ESC>  (AltMode) 
to  break  the  execution  of  the  simulator  from  the  user’s  terminal. 

The  tracing  of  variables  indicates  the  place  in  the  ISPL  program  where  an  j 

assignment  to  the  variable  has  occurred.  The  location  is  identified  by  printing  the  ^ 

nearest  ISPL  label  together  with  a displacement  (in  RTM  operations)  from  this  label. 

The  name  of  the  variable  affected  by  the  transfer  is  printed,  together  with  the  new 
value.  The  run  time  printed  at  the  end  of  the  simulation  is  obtained  from  a fast  lOus. 
clock  available  at  CMU.  Some  installations  might  now  have  this  feature. 

In  the  above  example  we  initialize  the  multiplier  (P)  to  2 and  the  multiplicand 
(MPD)  to  6.  According  to  the  algorithm,  the  multiplicand  is  stored  in  the  left  half  of  the 
MPD  register  In  the  current  implementation  of  the  simulator  we  can  not  specify  partial 
register  initialization,  thus,  we  have  to  load  the  right  half  of  MPD  with  a suitable  value 
(initialization  of  variables  in  the  command  language  implies  full  register  modification, 
with  zeroes  on  the  left  of  the  value).  At  the  end  of  the  run,  the  contents  of  the  P 
register  contains  the  result  of  the  multiplication  (6t2*12  or  el4  given  that  we  set  the 
type  out  radix  to  OCTAL). 


In  the  following  example  we  show  a few  more  commands  and  features  of  the 


simulator: 

ru  Mil  I 

ISP  SinuiRTOR  V3  - NRL  RRF  STRCE  2 

Thursday  29  Jul  76  23t42il3  nULT. ISP(N655nB2Sl 

SERIRLIZRTION  COnPLETED 

SPACE  RLLOCnTEO 

TYPE  HELP  FOR  HELP 

TYPE  <ESC>  TO  INTERRUPT  SimiLRTION  LOOPS 
>radlM  octal 
>satval  p*-3 

>Botval  MpdrSii  ! fluttlpl leandal 

>utracs  all 
>start  slap 

• STEP  4#16  P mtZtl 
RUN  TINE (16  usoc  unltsl«3ttl 
NTH  OPS  EXECUTEO-9 


The  above  sequence  shows  how  the  simulator  can  be  used  to  execute  selected 
procedures  from  the  ISPL  description.  In  fact,  the  simulator  treats  ALL  labels  and 
procedure  names  as  potential  entry  points.  It  does  not  assign  any  special  meaning  to 
the  label  of  the  main  body  of  the  ISPL  description. 


1 
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5.4.  Reading  Command  Files 

The  following  example  shows  the  use  of  the  READ  command.  In  this  particular 
case  we  are  not  only  initializing  the  variables  and  setting  trace  flags,  but  we  are  also 
starting  the  simulation  automaticaly  from  the  command  file.  The  number  of 
character  used  to  prompt  the  input  stream  (a  user  or  a command  file)  indicates  the 
level  of  nesting  of  the  command  stream.  One  ">”  is  the  marK  of  the  top  level. 

>dlr*c*  •)) 

>ra«cl  ml.* la 

»!  <hic  It  • coMMand  Hla 
»s«tval  p«.2 
>>tdlval  apd^-Zeet 


» 

1 aul t Ipl Icandi 

•4 

»traca 

P 

»star  1 

le 

a STEP 

+#4 

p 

«#1 

a STEP 

4#ia 

p 

•fleet 

a STEP 

*n 

p 

•f4ee 

a STEP 

«#4 

p 

•fzee 

C STEP 

+#4 

p 

•fiee 

a STEP 

«#4 

p 

•f4e 

a STEP 

4#4 

p 

•fze 

a STEP 

4#4 

p 

•fie 

SinULRTION  COriPLETEO 

RUM  TinECie  usae  unlla)>3212a 
RTn  OPS  EXECUTED>136 

»)and  ol  coaaand  Ills 


»7  LINES  RERO 

>sxl  t 

EXIT 
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I ISP  DESCRIPTION  OF  IBN  SYSTEH/SBe  RRCNITECTURE 


! THIS  DESCRIPTION  INCLUDES  the  STRNORRD  INSTRUCTION  SET  ONLY. 
! THE  FLORTINC-POINT  FEATURE  INSTRUCTIONS  RND  DECIHRL  FEATURE 
I INSTRUCTIONS  ARE  NOT  DESCRIBED. 


> THE  PROTECTION  FEATURE  INSTRUCTIONS  AND  DIRECT  CONTROL  FEATURE 


INSTRUCTIONS  ARE  DESCRIBED. 

THE  TEST  AND  SET  INSTRUCTION  IS  NOT  DESCRIBED  DUE  TO  THE 
LIMITATIONS  OF  A SINGLE  ISP  DESCRIPTION  TO  COVER  TUO  INDEPENDENT 
PROCESSES.  A SECOND  PROCESS  (ISP  DESCRIPTION)  SHOULD  BE  GIVEN 
For  THE  MEMORY  LATCHING. 

THE  DIAGNOSE  INSTRUCTION  DESCRIPTION  ( UNICH  IS  A MODEL  DEPENDENT 
INSTRUCTION  ) URS  MODIFIED  FOR  USE  AS  A HALTING  HECHRNISN  FOR 
THE  SIMULATION.  THEREFORE,  THE  OIAGNOSE  INSTRUCTION  DOES  NOT 
CORRESPOND  TO  ANY  8/368  MODEL  DIAGNOSE  INSTRUCTION. 

THE  CLCL  ( COMPARE  LOGICAL  LONG  > INSTRUCTION  FROM  THE  S/37e 
URS  RODEO  FOR  RUNNING  BENCNMRRKS.  IT  IS  NOT  A TRUE  DESCRIPTION 
OF  THE  INSTRUCTION  SINCE  IT  IS  NOT  INTERRUPTABLE. 

ADDITIONAL  LABELS  HERE  ADDED  TO  RIO  IN  MEASURING  THE  BENCHMARK 
PROGRAMS.  THESE  ARE  NOT  PART  OF  HtE  RRCNITECTURE  DESCRIPTION. 


(DECLARE 


MACRO  MRXnH:.2e«7  % 
MACRO  MRXU:.4e95  S 
MACRO  MAXH:>8181  S 
MACRO  MnXB:-16383  S 
MACRO  MONKEY j -7  % 
MACRO  BEGIN:>(  S 
MACRO  ENO:>)  S 


< PRIMARY  MEMORY 


MEMDU(e:MANDH)<0:63>; 

MEMO (8; MAXU) <81 31>: =MEMON  I8:MRNDHI <8t63>) 
MEMH (8: MRNHI <8t 15>i sMEMH  18: MRXHl <8: 3t>( 
MEMB (8: MAXBI <8: 7>: «MEHH  18: MAXNI <8: 15>| 


•DOUBLEUORO  MEMORY 
lUORO  MEMORY 
11/2  UORD  MEMORY 
(BYTE  MEMORY 


STKEYS(8;MRXKEYl<e:4>; 


) STORRGE  KEY  ARRAY 


I PERMANENT  STORAGE  ASSIGNMENTS 


IPLPSU<8:S3>: 

IPLCU1<B:63>: 

IPLCU2<e:63>: 

EXOPSU<B:63>: 

SVCPSU<B:83>: 

PRaPSU<8:S3>: 

nKOPSU<B:63>: 

IOOPSH<B:e3>: 

CHSTUD<B:63>: 

CHADU0<0:31>i 

TIMER<8:23>:> 

EXNPSH<8:63>: 

SVNPSH<8:63>: 

PRNPSM<e:63>: 

MKNPSU<B:63>: 

I0NPSU<8:63>; 

SCN0UT<e:63>: 


■MEMO  ie:7)<8:7>; 
■MEMBI8:151<e:7>| 
•MEMBI16:231<8:7>| 
•MEMB (24: 311 <8: 7>| 
•MEMB  132:391 <8: 7>| 
•MEMO  148: 471 <8: 7>| 
•MEMBI48:551<8:7>; 
•MEMD(S6:631<e:7>| 
•MEMB  (64:711<e:7>; 
•MEMB(72:7S1<8:7>| 
MEMO  188: 821 <8: 7>( 
•MEMB 188:951 <8:7>| 
•MEMB (98: 1831 <6:7>; 
•MEMB(ie4:llll<8:7>; 
•MEMB(112:1191<e:7>| 
•MEMB (128: 1271 <8: 7>( 
•MEMB (128: 1351 <8: 7>i 


I IPL  PSU 
! IPL  ecu  ix 
I IPL  ecu  «2 
I EXTERNAL  OLD  PSU 
t SVC  OLD  PSU 
! PROGRAM  OLD  PSU 
! MACHINE  CHECK  OLD  PSU 

• I/O  OLD  PSU 

! CHANNEL  STATUS  UORD 

• CHANNEL  ADDRESS  UORD 
I TIMER  CELL 

I EXTERNAL  NEU  PSU 
I SVC  NEU  PSU 
I PROGRAM  NEU  PSU 
! MACHINE  CHECK  NEU  PSU 
I I/O  NEU  PSU 
! DIAGNOSTIC  SCAN  OUT 


(PROCESSOR  STATE 


REG(8:15]<e:31>) 

PSH<e:63>; 


! GENERAL 
( PROGRAM 


PSUU (8: 31 <8: 1S>: «PSU<8: 63>i 

CHAMSK<B:7>i^PSU<Bt7>| 


PR0TKY<8:3>i^PSU<8:ll>|  I 


HSCMSK<>:^PSU<12>| 

nCHKMK<>i>PSU<13>i 

URIT3T<>:.PSH<14>; 

PR0BST<>:>PSU<I5>« 


INTC0E<Bil5>i-PSU<lB>3I>| 


PURPOSE  REGISTERS 
STATUS  UORD 

ALTERNATE  PSU  DEFINITION 
CHANNEL  MASK 
PROTECTION  KEY 
USRSCII  MASK 
MACHINE  CHECK  MASK 
UAIT  STATE 
PROBLEM  STATE 

(INTERRUPT  CODE 
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S36e  ISP  DESCRIPTION 


ILC<eil>:«PSM<32:33>| 

CC<e!l>i>PSU<34:35>| 

FP0PnS<>:.PSU<36>; 

OOFNSt:<>:.PSH<37>i 

E)(0FnS<»«PSM<38>: 

SIGnSK<>fPSU<39>{ 


I INSTRUCTION  LENGTH  CODE 
I CONDITION  CODE 
! FIXED  POINT  OVERFLOU  RflSK 
• DECIHRL  OVERFLOU  HRSK 
! EXPONENT  UNOERFLOH  HRSK 
! SICNIFICRNCE  HRSK 


PC<e<23>i«PSU<4e:63>{  I PROGRRH  COUNTER  (24  BITS) 


i 
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S3B0  ISP  DESCRIPTION 

( inPLEnENTRTIQN  RELRTEO  VRRIRILES 

I 

I  THESE  OECLRRRTIONS  RND  DEFINITIONS  RRE  NOT  RCTURLLV  PRRT  OF  THE 
I RRCHITECTURE  DESCRIPTION,  lUT  RRE  NCCESSRRV  FOR  THE  ISP 
I DESCRIPTION. 


IR<ii«7>; 

IRU IRi 21 <>i lS>i -IR<Ri *7>t 

OPCODE<li7>)BlR<ii7>( 
RI<8i3>ibIR<8: il>t 
R2<8i3>i-IR<12tlS>i 
X2<Rt3>iBlR<12ilS>t 
Bl<Rt3>i-IR<16il9>i 
Dl<Ot ll>iBlR<20>31>i 
R3<Bi 3>i ■IR<12i 1S>| 
ni (•l31 <>|aIR<Sl Il>| 
12<li7».IR<8il5>i 
LFL0<8i7>i>IR<8t 1S>| 
LI<8i3>tBlR<8i ll>i 
L2<Ri3>i-IR<12>lS>| 
B2<8>3>ibIR<32i3S>| 
02<8ill>i-lR<3Bi47>| 
nnR<Bt23>( 

RnnHl<8i23>| 

nnRR2<et23>t 

nBR<a:31>| 

L0DVTE<8>7>i-nBR<8i7>| 

HI6YTE<8t7>i-nBR<24i31>| 

LnUXl<8i7>] 

LnuK2<et7>i 

TEnP<8sl6>t 

01VREC<8s63>| 

EXRFoi 

ZaNE<8t3>; 

DICIT<8i3>| 

SCRLE<at63>| 

T8<>| 

Tloj 

TlRo; 

T2<8tl>| 

T2n<Bil>i 

T4<8i3>; 

T6<e!S>| 

T8<e!7>; 

T8n<e:7>; 

T16<e:15>; 

T24<et23>; 

T32<ei31>( 

T33<8s32>| 

T64<8>63>; 

OVFo; 

STOPBITo; 

INTVEC<Bi4>| 


I0nSK<Bi7>| 

CHRLSoi 

CHSELo; 

CHflNCC<8tl>| 

rHINST(8i3]<>t 


CHRREC<B>7>| 

0EVREC<Bt7>t 


INSTRUCTION  REGISTER 

172  UORO  RDORESS  FOR  IR  (IN  EXECUTE) 

RR.RX.RS.Sl.SS 

RR.RX.RS 

RR 

RX 

RX,RS,S1,SS 

RX,RS,S1,SS 

RS 

NRSK  1 
SI 

ss 

ss 

ss 

ss 

ss 

REnORV  RDORESS  REGISTER 

RUXILLRRV  NEnORV  RDORESS  REG. (X> 

RUXILLRRV  HENORV  RDORESS  REG. (2) 

nEHORV  BUFFER  REGISTER 

LEFT  BYTE  IN  HBR 

RIGHT  BYTE  IN  N6R 

BYTE  COUNT  REGISTER  1 

BYTE  COUNT  REGISTER  2 

17  BIT  TEHP 

64  BIT  OIVIOENO  REGISTER 
EXECUTE  RECURSION  FLR6 
ZONE  TENPORRRY 
DIGIT  TENPORRRY 
SCRLE  FACTOR  FOR  CVB 
NO-OP  REGISTER 
1 BIT  TENP 

1 BIT  RUXILIRRY  TENP 

2 BIT  TENP 

2 BIT  HUXILLIRRY  TENP 
4 BIT  TENP 

6 * “ 

3 " ** 

8 * RUXILLIRRY  TENP 
16  • TENP 

24  ■ • 

32  " “ 

33  " " 

64  • ■ 

OVERFLOH 
STOP  SNITCH 
INTERRUPT  VECTOR 

BIT  8 - NRCHINE  CHECK 

BIT  1 ■ SVC 

BIT  2 > PROG  CHECK 

BIT  3 ■ EXTERNAL  INTERRUPT  (TINER) 

BIT  4 . I/O  INTERRUPT 

CHANNEL  NRSK  REGISTER 

CHANNEL  RELEASE 

CHANNEL  SELECT  REGISTER 

CHANNEL  COHO IT ION  CODE 

CHANNEL  INSTRUCTION  LINE 

8 » SID 

1 ->  TIO 

2 » HIO 

3 » TCN 

CHANNEL  RDORESS  REGISTER 

DEVICE  REGISTER 

HOLDS  DEVICE  ADDRESS  (8-256) 

EXTERNAL  REGISTER 

BIT  8 - TINER  INTERRUPT 

BIT  1 > CONSOLE  INTERRUPT 
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EXTREG<Bt7>| 


S36e  ISP  DESCRIPTION 


100NEC<ai7>t  I HOLDS  ORIR  BYTE  FOR  DIRECT  I/O 

I ITS  nCRRINC  (COHHRND  OR  ORTRI 
I IS  inPLEMNTRTION  OCPCNOENT 

SIC0UT<ai9>|  I SICMH.  OUT  FOR  OIRECT  I/O 

nncRO  NOPi>Ta»a  a 
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S360  ISP  DESCRIPTION 


I UTILITY  ROUTINES 
I PRIVILECCO  STRTE  CHECK  ROUTINE 
PSCHKia 

BEGIN 

IF  PR0B8T  ■>  INTCOE-Ei  INTUIC«2»*1  REIT  INIIOUT  ICYCU 
EHO| 

I INTERRUPT  CODE  5 IHPLIES  RODRESSINC  ERROR 
I INTERRUPT  CODE  6 IHPLIES  SPECIFICRTION  (RLICMNENT  ERROR) 

I INTERRUPT  CODE  4 IHPLIES  PROTECTION 

I THE  ORDER  OF  SETTING  THESE  CODES  HRV  IE  IHPLEHEHTRTION  OEPEHOEHT 
I TESTS  ON  R nOOEL  7S  SHQH  CODE  I IS  FIRST 

I CHECK  ROUTINE  FOR  STORRGE  PROTECTION 

CKPRia 

BEGIN 

IF  STKEVS{nRR<«0il2>I<lii>  NEQ  PRBIKT  ■> 

INTVEC<2>«-1|  INTCMaS  NEIT  INILONT  ICYCU 
ENO|  I END  OF  CKPR 

t CHECK  ROUTINE  FOR  RERD  PROTECTION 

CKROPRt- 

BECIN 

IF  STKEYSinRR<lil2>I<0>  ■>  CKPR 
EN0|  I ENO  OF  CKROPR 

I CHECK  ROUTINE  FOR  SSK  B ISK  INSTRUCTIONS 

KEYCKi. 

BEGIN 
PSCMK  NEXT 

(IF  REGIR2)<2ai31>  ■>  INTVCC<2>*1|  INTCOEaB  NEXT  IRILOOT  ICYaE)  NEXT 
(IF  RECtR2I<8i2l>  GTR  HRXREV  ->  INTUCC<2»»1|  INTCOEaS  NEXT  MILOUT  ICYCLE) 
EHO|  I ENO  OF  KEVCK 


! CHECK  ROUTINE  FOR  BYTE  RODRESSES 
CKBTflOia 

BEGIN 

IF  HRR  GTR  HRNI  ■>  INTCOEaS|  INTVCC<2»»I  NEXT  MILOUT  ICYCU 
END; 

I CHECK  1/2  UORD  RDDRESS  ROUTINE 


CKHHRDi- 

BEGIN 

(IF  nRR<23>  ■>  INTCOE-B;  INTVCC<2>«-1  NEXT  MILOUT  ICYaC)  NEXT 
(IF  HRR^8i22>  GTR  HRXN  ■>  INTCDEaS;  INTVEC<2>»1  NEXT  MILOUT  ICYCU) 
END;  t ENO  OF  CKHNRO 

I CHECK  UORD  RDDRESS  ROUTINE 

CKUOROf 

BEGIN 

(IF  nRR<22i23>  ■>  INTCOE»B|  INTUEC<2>»1  NEXT  MILOUT  ICYCLE)  NEXT 
(IF  nRR<li21>  GTR  HRXN  ■>  INTCOE>«t  1NTVEC<2>*1  NEXT  MILOUT  ICYCLE) 
END;  I ENO  OF  CKUORD 

I CHECK  DOUBLE  UORD  RDDRESS  ROUTINE 

CKDHRDf 

BEGIN 

(IF  nRR<21i23>  .>  INTCOEal;  INTVEC<2>*1  NEXT  BRILOUT  ICYCLE)  NEXT 
(IF  nRR<Bi20>  GTR  HRXOtt  ■>  INTCOEoB;  INTVEC<2>»1  NEXT  MILOUT  ICYCLE) 
ENO;  I ENO  OF  CKOHRO 


I RERO  R BYTE  ROUTINE 
ROBVTEi- 


B-5 


S36e  ISP  DESCRIPTION 


BEGIN 

CKBTRD  NEXT 
CKRDPR  NEXT 
nBR<24i31»l1EnBinRRI 
ENOi  I END  OF  ROBVTE 

r WRITE  fl  BYTE  ROUTINE 

URBYTEi. 

BEGIN 

CFBTRQ  NEXT 
CKPR  NEXT 

nEnBinRN)»nBR<24:31> 

END;  • END  OF  MRBYTE 

I READ  R 1/2  WORD  ROUTINE 

REROHHf 

BEGIN 

CKHURD  NEXT 
rKRDPR  NFVT 

N6R< 16 I 31>»NEnN inRR<6i 22>) 
ENOt  • END  OF  RERDHM 


S3t«  IW  OESCRIPTION 
I IMITC  R 1/2  WORD  ROUTINE 


BEGIN 

CKHHRD  NEXT 
CKPR  MEXT 

HENH  inflR<Ri  22>I  »I1|R<1B|  31> 
.ENDi  \ END  Of  URHU 


I READ  R HORO  ROUTINE 


REROUDti 


BEGIN 

CKHORO  NEXT 
CKROPR  NEXT 
nBR>-nENHINRR<Bi21>l 
ENO;  I ENO  OF  REROUO 


I MITE  R UORO  ROUTINE 


BEGIN 

CKHORO  NEXT 
CKPR  NEXT 

nEnHinRR<8t21>I>IIBR 
ENO|  I ENO  OF  URHO 

! OPERRNO  ONE  ROORESSING  FOR  SS 

RDBVTlf 

BEGIN 

nRR-<RnRRl4LRUXl><23iR> 

ENO; 

I OPERRNO  THO  ROORESSING  FOR  SS 


R0BVT2f 


BEGIN 

nflR>-<RnRR2«LRUX2)<23iB> 

ENO; 


) FETCH  OF  L2  OPERRNO  IF  POSSIBLE  OR  R LORO  OF  ZERO  INTO 
I THE  HBR  IF  L2  FIELO  IS  EXHRUSTEO 


L2FCHi> 


BEGIN 

OECOOE  (LRUX2  EOL  8)  •> 

\8  BEGIN 

LRUX2»<LRUX2  HINUS  I)<7i8>  NEXT 

R0BVT2  NEXT  ROBVTE 

ENO; 

\1  HBR-B 

END;  • ENO  OF  L2FCH 


• DEVICE  ROORESSING  FOR  I/O  INSTRUCTIONS 


RDRIOii 


BEGIN 

CHRREG-l01«REGIBl))<lSiS>; 
DEVREGf  (01*REG  IBII  )<7i  8> 
ENO; 


I SIGN  EXTENSION  HRLFHORO  TO  FULLUORO  IN  HBR 


SGNEXTi. 


BEGIN 

DECODE  HBR<16>-> 

\B  nBR<8i  ISx-'eeOB; 

\1  nBR<Bi 15>»*FFFF 

END;  t END  OF  SCNEXT 


I 


8368  ISP  DESCRIPTION 


I SET  FIXED  PDINT  CONDITION  COOES 
SETFCCf 

BEGIN 
CC-8  NEXT 

(DECODE  NECIR1}<8>.> 

\S  (IF  RECIR11.>CC-2>| 

M CC-1 

) NEXT 

(IF  OVF  » CCO)  NEXT 

(IF  OVF  RND  FPOPHS  ■>  INTVEC<2»»1|  INTC0E>8  NEXT  MILOUT  ICVCU) 
END;  I END  OF  SETFCC 

I ILLEGPL  OP-CODE 

OPEXi. 

BEGIN 

INTCOE-li  INTVEC<2>»1  NEXT  BRILOUT  ICVCLE 
ENO| 

I INSTRUCTION  FETCH  ROUTINE 
IFETCHi. 

BEGIN 

nPR-PC  NEXT  RERDHU  NEXT 
IR<8tl5>»nBR<18t3I>t 
ILC*-nBR<16>«nBR<17>«lt 
PC>-(PC«(nBR<16>*nBR<17>«l)«2l<23i8>| 

0VF<-8  NEXT 
(IF  ILC  CTR  1 ■> 

nflH»(nflR42><23t8>  NEXT 
REROHN  NEXT 

IR<I6i31>-nBR<16i3I>  NEXT 
(IF  ILC  CTR  2 ■> 

nRR-(HRR42)<23i8>  NEXT 
REROHN  NEXT 
IR<32t«7>4l1BR<Mi31> 

> I END  OF  ILC  CTR  2 
) I END  OF  IF  ILC  CTR  1 
ENO;  I ENO  OF  IFETCH 


3366  ISP  DESCRIPTION 


I PR  INSTRUCTIONS 


I SET  PROGRRR  NflSK 
lEClN 

PSH<3*: 39>»REC IRl)<2i 7> 

EN0|  I END  OF  SPR 

I BRANCH  RNO  LINK  REGISTER 
REGIN 

T24-REGIR21<6i31>  NEXT 
REGIRn*PSU<32:S3>  NEXT 
IlF  R2  ■> 

BRLRli>  (PC  T24> 

) 

ENOi  I END  OF  BRLR 

! BRANCH  ON  COUNTER  REGISTER 
BEGIN 

T24  » REGIR2I<Bi31>  NEXT 
REGIR11»(REGIR1)  NINUI  NEXT 

(IF  REGIRl)  •> 

(IF  R2  ■> 

SCTRlia  (PC«-n4) 

) I ENO  OF  IF  R2 
) I END  OF  OF  REGIRII 
ENO(  • ENO  OF  BCTR 

( BRANCH  ON  CONOITION  REG 
BEGIN 

IF  niicci  ■> 

(IF  R2  » 

BCRli-  (PC»REGIR2l<6i31>) 

) I ENO  OF  IF  R2 

ENOt 

I SET  STORAGE  KEV  (PROTECTION  FEATURE  INSTRUCTION) 

BEGIN 
KEYCK  NEXT 

STKEVS IREG IR2I  <Si  26>l  •^EG  IRl)  <24i  2S> 

ENOt  t END  OF  SSK 

( INSERT  STORAGE  KEV  (PROTECTION  FEATURE  INSTRUCTION) 

BEGIN 
KEYCK  NEXT 

REG  IRl) <24t  28>*STKEYS (REG (R2) <Bi 26>)  NEXT 
REG  IR1)<29!31»B 
ENO|  I ENO  OF  ISK 

• SUPERVISOR  CALL 
BEGIN 

INTCOE-  I2|  INTVEC<1»1  NEXT  BAILOUT  ICVCLE 
ENO; 

I COHPARE  LOGICAL  LONG  (S/371) 

! 

I THIS  INSTRUCTION  HRS  RODEO  FOR  THE  RUNNING  OF 

• BENCNHARK  PROGRRHS.  IT  IS  NOT  A TRUE  DESCRIPTION 

• OF  THE  INSTRUCTION  SINCE  IT  IS  NOT  INTERRUPTRBLE 

• IN  ITS  PRESENT  FORN. 

I 

BEGIN 

(IF  (Rl<3>  OR  R2<3>)  •>  INTCDE-S;  INTVEC<2>»1  NEXT  BAILOUT  ICVCLE)  NEXT 
CLCLClf  (CC-O)  NEXT 
CLCLl:-  BEGIN 

IF  (REGIRUl]<8i31>  NEQ  6)  OR  (REGIR2«l)<Si31>  NEQ  B)  ■> 

(DECODE  (REGIRl4l)<Bi31>  NEQ  I)  ■> 

\e  T8«REG(RUn<6i7>; 

\1  BEGIN 

nRR-REG(Rl)<ai31>  NEXT 
ROBVTE  NEXT 
T8»nBR<24i31> 

ENO  I ENO  OF  M 

) NEXT  I ENO  OF  DECOOE 
(OECODE  (REGIR2«l)<Si31>  NED  B>  -> 


3368  ISP  DESCRIPTION 


\6  T8A»NEGIR2*l)<6i7>i 

M BEGIN 

miR.REGIR2)<ai31>  NEXT 
ROBVTE  NEXT 
TBn»nBR<24t3l> 

END  I END  OF  \1 

) NEXT  I END  OF  DECODE 
CLCLC2f  BEGIN 

DECODE  TB  TST  TM  ■> 

MSS  CC^li 
NEQL  CC-8| 

\GTR  CC-2 

END  NEXT  • END  OF  CLCLC2 

(IF  CC  EQL  e •> 

(IF  REGtRl4n<Bi31>  NED  B «> 

REGIRl)>(REGIRll4l)<23il>i 
REGIRl4l)<Si31»(REGIRl*n  MINUS  I)<23iB> 
> NEXT  I END  OF  IF  REGIRUll 
(IF  REGIR24l)<8i31>  NEQ  B ■> 

REG IR2) -(REG IR2) 4l)<23i B>| 
REGIR24ll<8i31>»(REGIR24ll  MINUS  l)<23iB> 
) NEXT  I END  OF  IF  REGIR24I) 

CLCLl)  I END  OF  IF  CC 
END  t ENO  OF  CLCLl 
END;  I ENO  OF  CLCL 
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ssea  ISP  DESCRIPTION 

LPRia  I LORO  POSITIVE  RECISTER 
BEGIN 

(DECODE  REGIR2I<t>  » 

\B  REGIR11*REGIR21| 

M REGIRlI»(niNUS  REG IR2I )<31iB> 

) NEXT 

OVF<-(REG(Rl)  EOL  ‘8a0aeS8l>  NEXT 
SETFCC 

ENOi  I END  OF  LPR 

LNRia  I LORO  NEGRTIVE  REGISTER 
BEGIN 

(DECODE  REC(R2]<a>  ■> 

NO  REGlRll-dllNUS  RECIR2l)<31ta>( 
M RECIRI)^ECIR2) 

) NEXT 

SETFCC 

ENO|  I END  OF  LNR 

LTRi-  ) LORO  RND  TEST  RECISTER 
BEGIN 

REC(R1)*RECIR2I  NEXT  SETFCC 
ENOt 

NR I-  \ RNO  RECISTER 
BEGIN 

RECIRII^RECIRI)  AND  RECIR2)  NEXT 
NRCCi-  BEGIN 

CC-a  NEXT 

(IF  RECIRll  ■>  CC>-1) 

END  I END  OF  NRCC 

END;  I END  OF  NR 

CLRo  I COnPRRE  LOCICRL  RECISTER 

BEGIN 

CLRCCi-  BEGIN 

CC-e  NEXT 

(IF  REGIRl)  LSS  RECIR2)  » 
CC-1>  NEXT 

(IF  RECIRll  GTR  RECiR2)  •> 
CC»2> 

END  I END  OF  CLRCC 

END;  I END  OF  CLR 

OR. I-  I OR  REGISTER 

BEGIN 

nECIRlI»RECIRl)  OR  RECIR21  NEXT 
ORCCi*  BEGIN 

CC-e  NEXT 

(IF  RECIRll  » CC-1) 

END  ! END  OR  ORCC 

ENDS  I END  OF  OR. 

XRf  ! EXCLUSIVE  OR  REGISTER 

BEGIN 

REGIRD-RECIRII  XOR  REGIR21  NEXT 
XRCCf  BEGIN 

CC-e  NEXT 

(IF  RECIRll  ■>  CC-1) 

END  I END  OR  XRCC 

END;  I END  OF  XR 
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( , 


LCR:-  • LORO  RND  COHPLEnENT  REGISTER 
BEGIN 

REGIRI1  > (NINUS  REG IR2I ><31iB>  NEXT 
OVF  « (REGIRl)  EQL  “BBSBaeM)  NEXT 
SETFCC 

END;  I END  OF  LCR 

LRf  • LORD  REGISTER 

BEGIN 

REGIRI1-REGIR21 

END; 

CR:>  iCONPRRE  REGISTER 

BEGIN 

T33-(REGIR11  NINUS  REG(R2I>  NEXT 
CRCCi-  BEGIN 

CC-e  NEXT 

(IF  T33  ■>  CC^HOT  T33<I>  * 1) 
END  • END  OF  CRCC 
END;  (END  OF  CR 


l 


> 


RRi-  > ROD  REGISTER 
BEGIN 

T33»REGIRIUREG(R21  NEXT 
(DECODE  REGIRl]<a>tREG(R2)<l>  » 
\e8  OVF>(T33<e>  NEQ  T33<l>>i 

\ei  NOP; 

\ia  NOP; 

Ml  0VF-(T33<e>  NEQ  T33<I>) 

) NEXT  > END  OF  DECODE 
REG(R1)-T33<li32>  NEXT 
SETFCC 

END;  I END  OF  RR 


SR:-  'SUBTRRCT  REGISTER 
BEGIN 

T33  > ((NOT  REGIR21)  * REGIRl)  *■  l)<32il>  NEXT 

(DECODE  RECIRI)<S>  • RECIR2)<a>  » i 
NBB  NOP;  | 
\ai  OVF  - (T33<S>  NEQ  T33<1>)|  I 
Me  OVF  - (T33<8>  NEQ  T33<I>>i  /| 
Ml  NOP 

) NEXT  lENO  OF  DECODE  ' 
REGIRl)  - T33<li32>  NEXT  t\ 
SETFCC  'X 
END;  ( ENO  OF  SR  ^ 


•I 
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S36e  ISP  DESCRIPTION 


nRi.  I nULTIPLV  REGISTER 
BEGIN 

(IF  Rl<3>  .>  INTC0E>l(  INTVEC<2>«-1  HCIT  IRILOUT  tCVCUI  NCHT 
Tl»(R£GIR2)<t>  TOR  REC|R1*1)<B>)  HCIT 
(DECODE  RECIR2)<0>  » 

\B  T64>RECIR21i 
\1  T6*-(niNUS  RECIR2)l<31it> 

> NEXT 

(DECODE  RECIR1«1)<R>  » 

\S  T32>4IECIR1*1)| 

\1  T32> (HINDS  REClRl-»n)Oli0> 

> NEXT 

T6*-T6*<32i63>«T32  NEXT 

(IF  T1  .>  T64> (HINDS  TS4><«3iO>>  NEXT 

RECIRlI>T64<e:31>; 

RECIR1-»1)»T64<32:63> 

END;  ( END  OF  NR 

DRf  'DIVIDE  REGISTER 
BEGIN 

(IF  Rl<3>  •>  INTCOE-6;  INTVEC<2>-1  NEXT  BRILODT  ICVCU)  NEXT 
Tl.(REGIRn<0>  XOR  REGtR2l<R>>i  Tin>REGIRll<«>i 
T32-REGtR21  NEXT  OIVREG>(REGIRnaREGIRl*l}i  NEXT 
(IF  REC(R21<R>  » T32>(H1NDS  T32><3J}»>)| 

(IF  REGIR1I<8>  ■>  OIVREC>(NINUS  OIVREC><«3iO>)  NEXT 

(IF  (OIVREG/T32><63:31>  ■>  INTCOE-Bi  INTVEC<2>»1  NEXT  BRILOUT  ICVaE)  NEXT 
REClRl-»n>(OIVREC/T32)<31iR>  NEXT 
REGIRl)»(OIVREG  HINDS  (REGIRl«ll*T32))<31iB>  NEXT 
(IF  T1  » REGIRU1)»(HINDS  REGIRUII )<31it»)  | 

(IF  TIP  ■>  REGIR11-(HINDS  REGIRl)U31iB>) 

END;  I END  OF  DIVIDE  REGISTER 

RLRi.  'ROD  LOGICAL 
BEGIN 

T33  - REGIRll  * REGIR2)  NEXT 
REGIRll  » T33<li32>  NEXT 
RLRCCf  BEGIN 

CC  - T33<B>  t (T33<li32>  NEO  •) 

END  • END  OF  RLRCC 

END;  I END  OF  RLR 

SLR:>  ■ SUBTRACT  LOGICAL  REGISTER 
BEGIN 

T33  • ((NOT  PEGIR2>)  « REGIRll  * l)<32iB>  NEXT 
REGIRll  - T33<li32>  NEXT 
SLRCC:-  BEGIN 

CC-T33<e>8(T33<li32>  NEO  81 
END  • END  OF  SLRCC 

END;  I END  OF  SLR 
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LPUHxa  • LOHU  POSITIVE  <LUNU>  (ELOHIimi-POINt  fERTURE  INSTRUCTION) 
BEGIN 
NOP 

END I I ENO  OF  LOR 

LNDR:.  > LORO  NECRTIVE  (LONG)  (FLOATING-POINT  FERTURE  INSTRUCTION) 
BEGIN 
NOP 

END;  I ENO  OF  LNOR 

LTORi.  • LORD  RNO  TEST  (LONG)  (FLORTING-POINT  FERTURE  INSTRUCTION) 
BEGIN 
NOP 

ENO;  • END  OF  LTOR 


[ 


I 


k 


t 


LCOR:.  < LORO  COnPLENENT  (LONG)  (FLOATING-POINT  FERTURE  INSTRUCTION) 
BEGIN 
NOP 

ENO;  • ENO  OF  LCOR 

HDR:«  < HRLUE  (LONG)  (FLOATING-POINT  FERTURE  INSTRUCTION) 

BEGIN 

NOP 

ENO;  ( ENO  OF  HDR 

LDR:>  > LORD  (LONG)  (FLORTING-POINT  FEATURE  INSTRUCTION) 

BEGIN 

NOP 

ENO;  > END  OF  LOR 

COR:>  • COKPRRE  (LONG)  (FLORTING-POINT  FERTURE  INSTRUCTION) 

BEGIN 

NOP 

CNO;  ) ENO  OF  COR 

flORi.  > ROD  N0RI1RLI2E0  (LONG)  (FLORTING-POINT  FERTURE  INSTRUCTION) 

BEGIN 

NOP 

ENO;  'ENO  OF  ROR 

SDR:>  < SUBTRACT  NORMALIZED  (LONG)  (FLORTING-POINT  FEATURE  INSTRUCTION) 
BEGIN 
NOP 

ENO;  • ENO  OF  SDR 

nDR::i  • MULTIPLY  (LONG)  (FLORTING-POINT  FERTURE  INSTRUCTION) 

BEGIN 

NOP 

ENO;  I ENO  OF  MOfl 

DDR:.  I DIVIDE  (LONG)  (FLORTING-POINT  FERTURE  INSTRUCTION) 

BEGIN 

NOP 

ENO;  I END  OF  DDR 

nUR:.  I ROD  UNNORMRLIZEO  (LONG)  (FLORTING-POINT  FEATURE  INSTRUCTION) 
BEGIN 
NOP 

END;  ) END  OF  RHR 


SUR:.  • SUBTRACT  UNNORMRLIZEO  (LONG)  (FLORTING-POINT  FERTURE  INSTRUCTION) 
BEGIN 
NOP 

END;  ! END  OF  SUR 

LPER:.  I LORD  POSITIVE  (SHORT)  (FLORTING-POINT  FERTURE  INSTRUCTION) 

BEGIN 

NOP 

ENO;  I END  OF  LPER 

LNER:>  ! LORD  NEGRTIVE  (SHORT)  (FLORTING-POINT  FERTURE  INSTRUCTION) 

BEGIN 
NOP 

END;  I END  OF  LNER 


f 

1 

-( 


y 


-i 


a 
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LTERf  t LORO  RNO  TEST  (SHORT)  (FLOAT INC-POINT  FEATURE  INSTRUCTION) 

BEGIN 

NOP 

ENOt  I ENO  OF  LTER 

LCERs-  • LORO  CONPLENENT  (SHORT)  (FLOATING-POINT  FEATURE  INSTRUCTION) 

BEGIN 

NOP 

END;  ( ENO  OF  LCER 

HER:*  I HALVE  (SHORT)  (FLOATING-POINT  FEATURE  INSTRUCTION) 

BEGIN 

NOP 

ENO;  I ENO  OF  HER 

LER:*  ! LORD  (SHORT)  (FLOATING-POINT  FEATURE  INSTRUCTION) 

BEGIN 

NOP 

ENO;  • ENO  OF  LER 

CER:*  1 COHPRRE  (SHORT)  (FLOATING-POINT  FEATURE  INSTRUCTION) 

BEGIN 

NOP 

END;  • END  OF  CER 

RER:*  ! ADD  NORHRLIZEO  (SHORT)  (FLOATING-POINT  FEATURE  INSTRUCTION) 

BEGIN 

NOP 

ENO;  > ENO  OF  AER 

SER:*  I SUBTRACT  NORHRLIZEO  (SHORT)  (FLOATING-POINT  FEATURE  INSTRUCTION) 
BEGIN 
NOP 

ENO;  ! ENO  OF  SER 

HER:*  ! nULTIPLY  (SHORT)  (FLOATING-POINT  FEATURE  INSTRUCTION) 

BEGIN 

NOP 

ENO;  ! ENO  OF  HER 

DER:*  ! DIVIDE  (SHORT)  (FLOATING-POINT  FEATURE  INSTRUCTION) 

BEGIN 

NOP 

END;  ! ENO  OF  DER 

RUR:*  ! ADD  UNHDRHRLIZEO  (SHORT)  (FLOATING-POINT  FEATURE  INSTRUCTION) 

BEGIN 

NOP 

END;  ! ENO  OF  RUR 

SUR:n  ! SUBTRACT  UNNORHRLIZEO  (SHORT)  (FLOATING-POINT  FEATURE  INSTRUCTION) 
BEGIN 
NOP 

END;  ! END  DF  SUR 
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S36e  ISP  DESCRIPTION 
) RR  INSTRUCTION  DECODE  TRBLE 


RRf 


BEGIN 

(DECODE  0PC0DE<2i7> 


ENO{ 


OPEX; 

1 «e 

OPEX; 

( 81 

OPEXj 

• 82 

OPEXj 

t 83 

SPM; 

1 84  SET  PR0CRRI1  HflSK 

BRLR; 

( 85  BRRNCH  AND  LINK 

BCTRi 

) 86  branch  on  COUNT 

BCR; 

! 87  BRANCH  ON  CONDITION 

SSX; 

t 88  SET  STORRCE  KEV 

ISK; 

) 89  INSERT  STORRCE  KEY 

SVC; 

t 8R  SUPERVISOR  CALL 

OPEXt 

• 8B 

OPEX, 

1 8C 

OPEX, 

! 80 

OPEX, 

1 8C 

CUL, 

) 8F  COnPRRE  LOGICAL  LONG  <8/S7S> 

LPR, 

• 18  LORD  POSITIVE 

LNR, 

! 11  LORO  NECRTIVE 

LTR, 

f 12  LORO  AND  TEST 

LCR, 

• 13  LORD  CORPLERENT 

NR, 

1 14  RNO 

CLR, 

! 15  CORPRRE  LOGICAL 

OR.. 

• 16  OR 

XR, 

> 17  EXCLUSIVE  OR 

LR, 

■ 18  LORO 

CR, 

1 19  CORPRRE 

PR, 

1 IR  ROD 

SR, 

! IB  SUBTRACT 

NR, 

1 1C  RULTIPLV 

OR, 

• 10  DIVIDE 

RLR; 

> IE  ROD  LOGICAL 

SLR; 

1 IF  SUBTRACT  LOGICAL 

LPOR, 

! 28  LORD  POSITIVE  (LONG) 

LNOR, 

) 21  LORD  NECRTIVE  (LONG) 

LTOR, 

• 22  LORD  RNO  TEST  (LONG) 

LCDR, 

! 23  LORO  AND  CORPLERENT  (LONG) 

HDR; 

! 24  HALVE  (LONG) 

OPEX, 

1 25 

OPEX, 

! 26 

OPEX, 

! 27 

LOR, 

1 28  LORD  (LONG) 

COR, 

! 29  CORPRRE  (LONG) 

RDR, 

! 2R  ADD  NDRRRL12E0  (LONG) 

SDR, 

! 2B  SUBTRACT  N0RRAL12E0  (LONG) 

noR, 

1 2C  RULTIPLV  (LONG) 

DDR, 

1 20  DIVIDE  (LONG) 

nuR, 

1 2E  ROD  UNNDNHRL12E0  (LONG) 

SUR; 

1 2F  SUBTRRCT  UNNORRRLIZEO  (LONG) 

LPER, 

! 36  LORD  POSITIVE  (SHORT) 

LNERj 

1 31  LORD  NECRTIVE  (SHORT) 

LTER, 

! 32  LORD  RNO  TEST  (SHORT) 

LCER, 

1 33  LORD  CORPLERENT  (SHORT) 

HER, 

1 34  HALVE  (SHORT) 

OPEX, 

1 35 

OPEX, 

1 36 

OPHX, 

I 37 

LEi’i 

1 38  LORD  (SHORT) 

CER, 

I 39  COMPARE  (SHORT) 

PER, 

1 3R  ROD  HORRRLIZEO  (SHORT) 

SER, 

1 3B  SUBTRACT  NORHRLIZEO  (SHORT) 

HER, 

! 3C  RULTIPLV  (SHORT) 

OER; 

! 30  DIVIDE  (SHORT) 

nuR, 

1 3E  RAD  UNNORRRLIZEO  (SHORT) 

SUR 

1 3F  SUBTRRCT  UNNORRRLIZEO  (SHORT) 

) ' END  OF 

END  OF  RR 


DECODE 
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I RX  INSTRUCTIONS 

STHi.  I STORE  HRLFUORO 
BEGIN 

n8R-NECIRl)<lCi31>  NEXT  URNN 
END; 

LR:.  ) LORD  RDORESS 
BEGIN 

REG(RlI»flRR 

END; 

STCi.  ! STORE  CNRRRCTER 
BEGIN 

HIBYTE.RECIRl)<24t31>  NEXT 

URBVTE 

END; 

ICi-  ' INSERT  CNRRRCTER 

BEGIN 

ROBYTE  NEXT 
REGIRl)<24i31><4<IByTE 
ENO|  lENO  OF  IC 

EX).  ) EXECUTE 

BEGIN 

(IF  EXRF  .>  INTVEC<2>.1}  INTG0E*-3  NEXT  BRILOUT  ICVCLE)  NEXT 

T4.R1|  T2-B  NEXT 

EXl). 

BEGIN 

RERDHU  NEXT 

IRUIT21.flBR<16>31>  NEXT 

T2-(T2«l)<l)e>;  nflR.(nRR*2><23:a>  NEXT 

(IF  (IR<8>»IR<1>)  CEO  T2  ->  EXl)  NEXT 

(IF  T4  ■>  IR<8) 15>»lR<8i 1S>  OR  RECIT4)<24i31>)  NEXT 

EXRF.l 

END  ! END  OF  EXl 
END;  I END  OF  EX 

BRL).  • BRRHCN  RHD  LINK 
BEGIN 

REG[R11.^SU<32)63>  NEXT 

PC^NRR 

END; 

BCT:.  ! BRRNCN  ON  COUNT 
BEGIN 

RECIR11.(REG(R1I  NINUS  l><31i8>  NEXT 
(IF  REGIRl)  •> 

BCTli.  (PC  - NRR) 

) I END  OF  IF  REGIRll 
ENO(  I END  OF  BCT 
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CH>>  iCOnPflRE  HRLFUDRO 
BEGIN 

RERDHH  NEXT  SCNEXT  NEXT 
T33  » REGIRII  NINUS  NBR  NEXT 
CHCC:*  BEGIN 

CC-e  NEXT 

(IF  T33  ■>  CC>-NOT  T33<1>  * 1) 
END  ■ END  OF  CHCC 
END;  'END  OF  CH 


flHi>  'ROD  HRLFRORD 
BEGIN 

REROHH  NEXT  SGNEXT  NEXT 
T33^REGIR11+I1BR  NEXT 
(DECODE  REG(Rl]<e>enBR<e>  » 

\Be  OVF^(T33<e>  NEQ  T33<1>>| 

sei  NOP; 

\18  NOP; 

\11  OVF..(T33<8>  NED  T33<1>) 

) NEXT  ! END  OF  DECODE 
REGtRlUT33<l:32>  NEXT 
SETFCC 

END;  ' END  OF  RH 


SH:<i  ISUBTRRCT  HRLFRORD 
BEGIN 

RERDHH  NEXT  SGNEXT  NEXT 

T33  - ((NOT  NBR)  * REGIRl)  + l)<32:e>  NEXT 

(DECODE  RECIRlI<e>  8 nBR<B>  <i> 

\68  NOP* 

\81  OVf’*  (T33<8>  NED  T33<1>)| 

MB  OVF  - (T33<e>  NEQ  T33<1>)| 

Ml  NOP 

) NEXT  ! END  OF  DECODE 

REGIRl)  <-  T33<lt32>  NEXT 
SETFCC 

ENO;  ! END  OF  SH 
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HHf  I nULTIPLY  HHLFMORO 

■ nULTIPLIER  IN  NBR,  nULTIPLICRND  IN  RI 
BEGIN 

REROHH  NEXT  SCNEXT  NEXT 

T1»(REG(R1)<B>  XOR  nBR<e>)  NEXT 

(IF  RECIRn<a>  » RECtRl)-(niNUS  RECIRlI)<31iB>>| 

(IF  nBR<e>  » nBR-(NINUS  nBR><31it>>  next 

REG(RlU(RECIRlI*nBR><31i8>  NEXT 

(IF  T1  ■>  RECIRlI-iniNUS  RECIRl))<31ie>) 

END;  • END  OF  HH 

CVDia  • CONVERT  TO  OECINRL 
BEGIN 

CKDURO  NEXT 

nRR-(nRR47><23tB>i 

TUREGIRl)<e>; 

T32-REGIRJ1  NEXT 

(IF  TI  » T32-(niNUS  T32)<31iB>>  NEXT 
(DECODE  RSCnSK  » 

\B  (DECODE  TJ  » 

\B  nBR<28i31>*’IlBai 

M nBR<28i31>»*llBi 

>; 

SI  (DECODE  Tl  » 

SB  t1BR<2Bs31>4>iei8; 

SI  nBR<2B:3I>..>181I 

) 

) NEXT  ! END  OF  DECODE  RSCNSK 
nBR<2«:27>-(T32  NINUS  ((T32/18)«I8) ><3i8>  NEXT 
URBYTE; 

T4-7  NEXT 
CVDli-  BEGIN 

IF  T4  ■> 

nRR^(NRR  NINUS  l)<23:e>t 
T32-(T32/ie><3I:8>  NEXT 

NBR<28:31>»(T32  NINUS  ( (T32/18>*I8>><3>8>  NEXT 
T32.-(T32/ie)<31ie>  NEXT 

nBR<24i27>-(T32  NINUS  ((T32/18>*18)><3ie>  NEXT 

T4»(T4’niNUS  l)<3i8>  NEXT 
CVOl 

END  ! END  OF  CVDI 
END;  ( END  OF  CVD 

CVBs>  1 CONVERT  TO  BINARY 
BEGIN 

T64-e(  u-Bi  scflLE-iseeeeooeieeoeeeei  ckdhrd  next 

CVBli-  BEGIN 

ROBYTE  NEXT 

NRR-(NflR4l)<23te>;  Tl-8; 

DIGIT»nBR<24:27>  NEXT 
CVB2i-  BEGIN 

(IF  DIGIT  GTR  9 «> 

INTVEC<2>-1;  INTCDE-7  NEXT  BRILOUT  ICVCLE)  NEXT  I END  OF  IF  DIGIT 
T64»(T644(0IGIT*SCRLE>)<63:e>  NEXT 
(IF  T4  LSS  14  » 

SCRLE-SCRLE/lOt 
T4«-(T44l)<3te>  NEXT 
(DECODE  Tl  EQL  8 » 

S8  CVBl; 

SI  BEGIN 

TW; 

DIGIT»NBR<28i31>  NEXT 
CV62 

END  ! END  OF  SI 
) ! END  OF  DECODE 
> NEXT  ! END  OF  IF  T4 
DIGIT»NBR<28i31>  NEXT  I SIGN 
(IF  DIGIT  LSS  18  ■> 

INTVEC<2><-l|INTC0E<-7  NEXT  BRILOUT  ICYCLE)  NEXT 
(IF  T64«ei32>  » 

INTVEC<2>-1|  INTCOE-8  NEXT  BRILOUT  ICVCLE)  NEXT 
(IF  (DIGIT  EQL  >1811)  OR  (DIGIT  EQL  '1181)  » 

T64>(NINUS  T64)<63(8>)  NEXT 
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REC(Rl)»T6*<32i63> 

END  I END  OF  CVe2 
END  I END  OF  CV81 
END;  > END  OF  CVB 

ST).  I STORE 

BEGIN  ' 

NBR-REGIRl]  NEXT  i 

URUO 

END}  ! END  OF  ST 

N).  > AND 

BEGIN 

RERDUD  NEXT 

REGIRIKREGIRII  AND  tIBR  NEXT 
NCCi.  BEGIN 

CC-<REGIR1}  NEQ  8) 

ENC  ! END  OF  NCC 
END;  ) END  OF  N 

CL:.  ! COHPRRE  LOGICAL 

BEGIN 

RERONO  NEXT 
CLCC).  BEGIN 

CC*-6  NEXT 

(IF  REGiRlT  GIR  NBR  ■>  CC.2>  NEXT 
(IF  REGiKlI  LSS  NBR  » CC.l) 

END  ! ENO  OF  CLCC 

END;  I ENO  OF  CL 

Oi.  ! OR 

BEGIN 

REAOUD  NEXT 

REGtRll.REG(Rl)  OR  NBR  NEXT  , 

OCCi-  BEGIN 

CC.(RECIPn  NEQ  8) 

tXO  I END  OF  OCC  1 

ENO;  I ENO  OF  0 i 

! ! 


1 


[ 

( 

I. 
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X:»  I EXCLUSIVE  OR 
BEGIN 

RERDMD  NEXT 

REGtRll»REGIRll  XOR  NBR  NEXT 
XCCt-  BEGIN 

CCf (REGIRl)  NEQ  6) 

END  I END  OF  XCC 
END;  I END  OF  X 

L:«  ! LORD 

BEGIN 

REflOHn  NEXT 
REGlRlUriBR 
END;  ! END  OF  L 

Ci»  ! COHPRHE 

BEGIN 

REHDUn  NEXT 

T33-(REGIR1I  I1INUS  NBR)  NEXT 
CCC:>  BEGIN 

CC*’B  NEXT 

(IF  T33  » CC-NOT  T33<1>  * i) 

END  I END  OF  CCC 
END;  ! END  OF  C 

Rt.  ! ROD 

BEGIN 

RERDHD  NEXT 
T33^REGIR1I+NBH  NEXT 
(DECODE  REGIRII<e>eNBR<e>  •> 

\80  0VF^(T33<B>  NEQ  T33<1>)| 

\ei  NOP; 

\18  NQP* 

\11  0VFl-(T33<e>  NEQ  T33<1>) 

> NEXT  ! END  OF  DECODE 
RECIRlI^T33<li32>  NEXT 
SETFCC 

END;  ! END  OF  fl 

S:«  ! SUBTRACT 

BEGIN 

RERDUO  NEXT 

T33  - ((NOT  NBR)  + REGIRll  + l)<32:e>  NEXT 
(DECODE  REGIRl)<e>  e NBR<e>  » 


\00 

NOP; 

\01 

OVF^(T33<e>  NEQ  T33<1>) 

\10 

OVF^(T33<0>  NEQ  T33<1>) 

\11 

NOP 

> NEXT  1 END  OF  DECODE 

REGIRIT 

►T33<li32>  NEXT 

SETFCC 

END;  1 

END  OF  S 

i 

\ 

( 

1 
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?1j-  I MULTIPLY 
BEGIN 

(IF  Rl<3>  «>  INTC0E>6i  INTVEC<2>-1  NEXT  BRILOUT  ICVCLE)  NEXT 
RERDMD  NEXT 

TK(REGtRl>l]<8>  XOR  nBR<e>>  NEXT 
(IF  MBR<e>  •>  HDR-(t1INUS  neR><31i6>>| 

(DECODE  REG(Rl4ll<e>  » 

\0  T32^RECIR1*1)) 

\1  T32-(t1INUS  RECIRUlI)<3iie> 

) NEXT  ! END  OF  DECODE 
T64^T32»t1BR  NEXT 

(IF  T1  » T64-(MINUS  T6t)<63te>>  NEXT 
REG(R11.-T64<ei31>; 

REGIRl4l]-T64<32:63> 

END;  I END  OF  M 

0:>  * DIVIDE 

BEGIN 

(IF  Rl<3>  » INTCOE-6:  INTVEC<2>»I  NEXT  BRILOUT  ICYCLE)  NEXT 
REflOUn  NEXT 

OIVREG>-REGIRl)8REGIRl4ll| 

Tl»(REG(Rn<a>  XOR  nBR<e>)  next 
(IF  OIVREG<e>  >> 

OIVREG-iniNUS  DIVREC)<63:e>)| 

(IF  MBR<B>  •> 

MBR- (MINUS  nBR><31:e>)  NEXT 

(IF  (OIVREC/HBR><63:31>  » INTCDE-9;  INTVEC<2>-1  NEXT  BRILOUT  ICYCLE)  NEXT 

REC(RUll.-(0IVREC/HBR><3l!6>  NEXT 

(IF  T1  r>  REG(Rl4lU(MINU5  REG IRUll )<31ie>)  NEXT 

TURECIRn<8>  NEXT 

REGIR1K(0IVREG  MINUS(REGIRl4ll«)1BR>><31i6>  NEXT 
(IF  TI  » REGIRl)-(niNUS  REG IRII )<31te>) 

END;  • END  OF  0 

RL;*  ' ROD  LOGICRL 
BEGIN 

REROHD  NEXT 
T33^REGlRl)4nBR  NEXT 
REGIRII  ► r33<l!32>  NEXT 
RLCCto  BEGIN 

CC-T33<B>«(T33<1:32>  NEQ  6) 

END  < END  OF  RLCC 
END;  ) ENG  OF  RL 


SL:°  ! SUBTRACT  LOGICAL 
BEGIN 

RERDHD  NEXT 

T33  ^ ((NOT  MBR)  4 REGIRl)  4 l)<32:e>  NEXT 
REGIRII  ► T33<1:32>  NEXT 
SLCC:<  BEGIN 

CC4T33<e>8(T33<l:32>  NEQ  8) 

END  ! END  OF  SLCC 
END;  • END  OF  SL 
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' STDsa  • STONE  (LUNU>  (f LUflTINC-POINT  TbRTUHE  INSTRUCTION) 

BEGIN 

MOP 

END;  I ENO  OF  STD 

LO<.  • LORD  (LONG)  (FLORTINC-POINT  FERTURE  INSTRUCTION) 

BEGIN 

NOP 

ENO;  I ENO  OF  LD 

CO:-  • CONPRRE  (LONG)  (FLORTINC-POINT  FERTURE  INSTRUCTION) 

BEGIN 

NOP 

END;  • END  OF  CO 

flO:-  • ROD  NORHRLIZEO  (LONG)  (FLORTINC-POINT  FERTURE  INSTRUCTION) 

BEGIN 

NOP 

END;  • END  OF  RD 

SO:-  ! SUBTRRCT  NORNRLIZED  (LONG)  (FLORTINC-POINT  FERTURE  INSTRUCTION) 
BEGIN 

' NOP 

END;  • END  OF  SO 


nOi-  ! nULTIPLY  (LONG)  (FLORTING-POINT  FERTURE  INSTRUCTION) 

BEGIN 

NOP 

END;  ! END  OF  NO 

00: ■ I DIVIDE  (LONG)  (FLORTINC-POINT  FERTURE  INSTRUCTION) 

BEGIN 

NOP 

ENO;  I END  OF  DD 

RU:.  ' ROD  UNNORHRLIZEO  (LONG)  (FLORTING-POINT  FERTURE  INSTRUCTION) 

BEGIN 

NOP 

ENO;  I ENO  OF  RU 

SM:-  ! SUBTRRCT  UNNORNRLIZEO  (LONG)  (FLORTINC-POINT  FERTURE  INSTRUCTION) 
BEGIN 
NOP 

END;  > END  OF  3U 

STE:-  ! STORE  (SHORT)  (FLORTING-POINT  FERTURE  INSTRUCTION) 

BEGIN 

NOP 

ENO;  ) END  OF  STE 

LE:-  ! LORD  (SHORT)  (FLORTINC-POINT  FERTURE  INSTRUCTION) 

BEGIN 

NOP 

END;  I ENO  OF  LE 

CE:-  ! COMPARE  (SHORT)  (FLORTING-POINT  FERTURE  INSTRUCTION) 

BEGIN 

NOP 

END;  ! ENO  OF  CE 

RE:-  ! ROD  NORHRLIZEO  (SHORT)  (FLOATING-POINT  FERTURE  INSTRUCTION) 

BEGIN 

NOP 

END;  • ENO  OF  RE 

SE:-  ! SUBTRACT  NORMALIZED  (SHORT)  (FLORTING-POINT  FERTURE  INSTRUCTION) 
BEGIN 
NOP 

END;  ! ENO  OF  SE 


ME:- 


! MULTIPLY  (SHORT)  (FLORTINC-POINT  FERTURE  INSTRUCTION) 

BEGIN 

NOP 


END;  ! ENO  OF  ME 
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0E>>  I DIVIDE  (SHORT)  (FLORTINC-POINT  FERTURE  INSTRUCTION) 

BEGIN 

NOP 

ENO;  ! ENO  OF  0£ 

RU:>  • ROO  UNNORHRLIZEO  (SHORT)  (FLORTINC-POINT  FERTURE  INSTRUCTION) 

BEGIN 

NOP 

ENO|  • ENO  OF  RU 

SU:>  ! SUBTRACT  UNHORKHLIZEO  (SHORT)  (FCORTING-POINT  FERTURE  INSTRUCTION) 
BEGIN 
NOP 

ENOt  • ENO  OF  SU 
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) RX  INSTRUCTION  DECODE  TABLE 


RXi. 


BEGIN 

tlRR^Ol 


NEXT 


I EFFECTIVE  ADDRESS  CALCULRTION  FDR  AN 


(DECODE  (B1  NEQ  e>t(X2  NED  B>» 
see  RXBBee;-  (NOP); 

\81  RX08X2f  (NOP>| 

Vie  RXB188:-  (NOP>| 

Ml  RXBlX2i>  (NDP) 

> NEXT 

(IF  Bi  » i;rr»(nrn*recibii)<23i8>)  next 
(IF  X2  ■>  nAR-(NRR«REGIX21)<23i8>)  NEXT 


\ 


\ 


\ 


(DECODE  0PC0DE<2s7>  -> 
STH| 

LA; 

STC| 

IC, 

EX, 

BRL, 

BCT, 

BC, 


• OPCODE  DECODE  FOR  RX 
I 48  STORE  HRLFHORD 
I 41  LOAD  ADDRESS 
I 42  STORE  CHARACTER 
I 43  INSERT  CHARACTER 
I 44  EXECUTE 
I 4S  BRANCH  AND  LINK 
I 46  BRANCH  ON  COUNT 
I 47  BRANCH  ON  CONDITION 


LH, 

• 48 

LOAD  HALFMORO 

CH, 

1 49 

COHPRNE  HRLFHORD 

AH, 

1 4A 

ADO  HRLFHORD 

SH, 

• 4B 

SUBTRACT  HRLFHORD 

MH; 

1 4C 

nULTIPLY  HRLFHORD 

OPEX, 

1 40 

CVO, 

1 4E 

CONVERT  TO  DEC INAL 

CVB; 

1 4F 

CONVERT  TO  BINARY 

ST, 

1 SB 

STORE 

OPEX, 

> SI 

OPEX, 

! S2 

OPEX, 

1 S3 

N; 

1 S4 

AND 

CL, 

! SS 

COHPRRE  LOGICAL 

0, 

1 S6 

OR 

Xi 

! S7 

EXCLUSIVE  OR 

L, 

• S8 

LORD 

C, 

1 S9 

COHPRRE 

fii 

! SR 

ADD 

S, 

I SB 

SUBTRACT 

I SC 

nULTIPLY 

D; 

! SO 

DIVIDE 

AL; 

! SE 

ADO  LOGICAL 

SL, 

! 5F 

SUBTRACT  LOGICAL 

STD; 

1 68 

STORE  (LONG) 

OPEX, 

! 61 

OPEX, 

1 62 

OPEX, 

! 63 

OPEX, 

1 64 

OPEX, 

• 6S 

OPEX, 

• 66 

OPEX, 

' 67 

LO, 

1 68 

loro’  (LONG) 

CO, 

! 69 

COHPRRE  (LONG) 

AD, 

1 6R 

ADD  NORHRLIZED  (LONG) 

SO; 

1 66 

SUBTRACT  NORHRLIZED  (LONG) 

no. 

1 6C 

NULTIPLY  (LONG) 

DO; 

1 60 

DIVIDE  (LONG) 

AU; 

( 6E 

ADD  UNNORHALIZEO  (LONG)  ‘ 

SU, 

! 6F 

SUBTRACT  UNNORHALIZEO  (LONG) 

STE, 

! 78 

STORE  (SHORT) 

OPEX, 

! 71 

OPEX, 

! 72 

OPEX, 

! 73 

OPEX, 

! 74 

OPEX, 

1 7S 

OPEX, 

( 76 

OPEX, 

1 77 

LE, 

1 78 

LORO  (SHORT) 

CE, 

1 79 

COHPRRE  (SHORT) 

RE, 

* 7A 

ADD  NORHRLIZEO  (SHORT) 
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END; 


SE; 

! /B 

HE, 

t 7C 

OE, 

1 70 

RU; 

! 7£ 

SU 

t 7F 

) ! 

! END  OF 

DECODE 

END 

OF  RX 

.T  (SHORT) 
(SHORT) 


(SHORT) 
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I RS,SI  INSTRUCTIONS 

SSHia  t SET  SYSTER  RRSK 
BEGIN 
PSCHK  NEXT 
ROBVTE  NEXT 
PSU<ei7>»HIBVTE 
END;  t END  OF  SSN 

LPSUf  • LORD  PSU  (PRIVILEGED  INSTRUCTION) 

BEGIN 
PSCHK  NEXT 

CKDURD  NEXT  RERDUD  NEXT 
psu<eti5>-nBR<eii5>j  nRR-(nRR**><23iS>  next 
REROND  NEXT 
PSU<3«:63>-nBR<2i3I> 

ENO{  I END  OF  LPSH 

OIRCi-  I OIRGNOSE  (PRIVILEGED  INSTRUCTION) 

I 

I THIS  INSTRUCTION  DESCRIPTION  DOES  NOT  CORRESPOND 

• TO  RNV  PRRTICULRR  HODEL  OF  THE  5/368  LINE. 

! IT  HRS  BEEN  HODIFIEO  FOR  USE  IN  ENDING  R 

• SinULRTION  RUN. 

I 

BEGIN 

PSCHL  NEXT 

T2-ILCt  TIS^INTCOE  NEXT 
SCN0UT.-P5M  NEXT 
PSN-NKNPSU  NEXT 
INTCOE-TI61  ILC-T2  NEXT 

STOPBIT-1  t THIS  UILL  HRLT  NRCHINE  RNO  SINULATION 
END;  I END  OF  OIRGNOSE 

URD>.  ! URITE  DIRECT  (DIRECT  CONTROL  FERTURE  INSTRUCTION) 
BEGIN 

PSCHC  NEXT  ROBVTE  NEXT 
SIG0UT-I2;  I0DREC-NBR<24]31> 

END;  ) END  OF  URD 

ROD:-  I RERD  DIRECT  (DIRECT  CONTROL  FERTURE  INSTRUCTION) 
BEGIN 
PSCHL  NEXT 

SIG0UT-I2;  nBR<24i31><-I0DREG  NEXT 
yppVTF 

END;  > END  OF  ROD 

BXH:-  ! BRRNCH  ON  INDEX  HIGH 
BEGIN 

(DECODE  R3<3>  •> 

\e  T32-REG(R3«1); 

M T32^REG(R31 

) NEXT 

REG IR1I-(REG (R1)«REG IR31  )<31ie>  NEXT 
(IF  (T32  niNUS  RECIRn)<31>  » 

BXHlt-  (PC>-nRR) 

) 

END;  ! END  OF  BXH 
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BXLEf  • BRANCH  ON  INDEX  LESS  THRN  OR  EQUAL 
BEGIN 

(DECODE  R3<3»  •> 

\e  T32-REC(R3«1]| 

\1  T32.-RECIR3J 

) NEXT 

REG  (R 1) » (REG  IRII  -hIEG  (RSI ) <3Ii  e>  NEXT 
(IF  N0T((T32  niNUS  REG (Rl) )<3I>>  » 

BXLElf  (PC  - NRR) 

I 

END;  I END  OF  BXLE 

SRLi«  I SHIFT  RIGHT  LOGICAL 
BEGIN 

REG(R1I-REG(R1)  tSH8  HAR<18t23> 

END;  I END  OF  SRL 

SLLi-  ! SHIFT  LEFT  LOGICAL 
BEGIN 

REGIRlKREGIRll  tSLB  nAR<18i23> 

END;  I END  OF  SLL 

SRA:.  I SHIFT  RIGHT  SINGLE  ARITHHETIC 
BEGIN 

(DECODE  REG1R11<8>  •> 

\8  REGIRII  - REGIRll  rSR8  nRR<18i23>i  I POSITIVE 

M REGIRll  «-  REGIRll  tSRl  HRR<18i23>  I NEGATIVE 

> NEXT  ! END  OF  DECODE 

SETFCC 

END;  ! END  OF  SRA 

SLA:.  ! SHIFT  LEFT  SINGLE  ARITHHETIC 
BEGIN 

T6-nRR<18;23>  NEXT 
SLAIj-  (IF  T6  •> 

(IF  REGIRll<c8>  NEQ  REGIR1I<1>  •>  OVF-11  NEXT 
REGIRlI<l;31»(REC(RlI<ls31>  tSLB  11; 

T6-(T6  niNUS  1><S<8>  NEXT 
SLRl 

1 NEXT 

SETFCC 

END;  • END  OF  SLR 

SRDLf  ! SHIFT  PIGHT  DOUBLE  LQGICRL 
BEGIN 

(IF  Rl<3>  INTCDE-6;  INTVEC<2>»1  NEXT  BAILOUT  ICYCLEI  NEXT 
T64-REG(RlIeREGIRUlI  NEXT 
T64-T64  tSR8  nnR<18i23>  NEXT 
REGIR11-T64<e:31>; 

REG(Rl4ll»T64<32;63> 

END;  I END  OF  SRDL 
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SLOLo  • SHIFT  LEFT  OOUDLE  LOCICRL 
BEGIN 

(IF  Rl<3>  •>  INTCOE-Bi  1NTVEC<2>-1  NEXT  BAILOUT  ICYCLE)  NEXT 
T6*-RECIRll«REG(Rl4n  NEXT 
T64>T64  tSLR  nRR<lBi23>  NEXT 
RFC(Rll4T64<8!31>| 

REG(Rl4ll»T64<32;63> 

END;  I END  OF  SLOL 

SRORt.  I SHIFT  RIGH1  DOUBLE  RRITHHETIC 
BEGIN 

(IF  Rl<3>  INTCOE-8;  INTVEC<2>»1  NEXT  BAILOUT  ICYCLE)  NEXT 
(IF  nRR<18:23>  •> 

T64-RECIRl}eRECIRl4iI  NEXT 
(DECODE  T64<e>  •> 

SB  T64»(T64  TSR8  nRR<lSi23>)t 

M T64»(T64  tSRl  nAR<l>t23>> 

) NEXT  I END  OF  DECODE 
REG(RlUT64<ei31>; 

REGlRl4il<-T64<32:63> 

) NEXT 

SETFCC 

END;  ! END  Or  SROA 

SLDR:>  ! SHIFT  LEFT  OOUDLE  RRITHHETIC 
BEGIN 

(IF  Ri<J>  » INTCOE-G;  INTVEC<2>4l  NEXT  BAILOUT  ICYCLE)  NEXT 
T6.'nAR<18:23>  NEXT 
T644REC(Rll«RECIRl4ll  NEXT 
SLDA1:«  (IF  T6  •> 

(IF  T64<6>  NEO  T64<1>  ■>  OVF-D  NEXT 
T64<l;63>-(T64<li63>  TSLB  1); 

T6>(T6  niNUS  l)<Sta>  NEXT 
SLOAl 

) NEXT  I END  OF  SLDAl 
REGIRlKT64<e;31>; 

REGIRl4ll4T64<32:63>  NEXT 
SETFCt! 

END;  ! END  OF  SLDA 
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STfl:.  • STORE  flULTIPLE 
BEGIN 
T4»R1  NEXT 
STtlli.  BEGIN 

neR-REG(T41  NEXT 

URUn  NEXT 

(IF  T4  NEQ  R3  » 

T4«(T44l)<3ie>|  nRR4(NRR*4><23i«>  NEXT 
STfll 
) 

ENO 

END;  • END  OF  STd 

Tf1i>  < TEST  UNDER  dRSF 
BEGIN 

ROBYTE  NEXT 

HI6YTE-I2  RNO  HIBVTE  NEXT 
TnCC:.  BEGIN 

CC-e  NEXT 
(IF  HIBYTE  » 

CC^3  NEXT 

(IF  12  XOR  HIBYTE  •>  CC-l) 

) ! ENO  OF  IF 
END  I ENO  OF  TNCC 


END;  • 

ENO  or  TH 

nvi:> 

1 nouE 
BEGIN 

innEDIRTE 

HIBYTE 

UR6YTE 

► 12  NEXT 

END;  • 

ENO  OF  MOVE  INNEDIRTE 

TS:  = 

1 TEST 

BEGIN 

NOP 

RND  SET 

END;  ! 

END  OF  TS 

NI:> 

1 RND 
BEGIN 

INNEDIRTE 

ROBYTE 

NEXT 

HIBYTE 

» (HIBYTE  RND  12)  NEXT 

URBYTE 

NEXT 

NICC:> 

BEGIN 

CC^B  NEXT 

(IF  HIBYTE  =>  CC^l) 
END  ! END  OF  NICC 


END;  ( ENO  OF  HI 

CLIi=  'COHPRRE  LOGICAL  IdHEOIRTE 
BEGIN 

ROBYTE  NEXT 
CLICC:<  BEGIN 

CCp-6  next 

(IF  HIBYTE  LSS  12  .>  CC-1)  NEXT 
(IF  HIBYTE  GTR  12  ■>  CC>-2) 

END  • END  OF  CLICC 
ENO;  • END  C?F  CLI 
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Oil-  ! OR  innEOIRTE 
BEGIN 

ROBVTE  NEXT 

HIBYTE  *•  (HIBYTE  OR  I2>  NEXT 
URBYTE  NEXT 
OICCt-  BEGIN 

CC-e  NEXT 

(IF  HIBYTE  «>  CC^l) 
END  • END  OF  OICC 
END;  ■ END  OF  01 


XIi-  ! EXCLUSIVE  OR  II1I1E0IRTE 

BEGIN 

RDBYTE  NEXT 

HIBYTE  ► (HIBYTE  XOR  12)  NEXT 
URBYTE  NEXT 
XICCi-  BEGIN 

CC>-B  NEXT 

(IF  HIBYTE  ->  CC^l) 

END  ! END  OF  XICC 
END;  • ENO  OF  XI 

LHi-  ! LORD  nULTIPLE 

BEGIN 
T4^R1  NEXT 
Ldli-  BEGIN 

RERDHD  NEXT 
REGn4).-nBR  NEXT 
(IF  T*  NEQ  R3  «> 

T4<-(T44l)<3i6>;  nfiH<-(l1BR44)<23i8>  NEXT 
Ltll 

) !ENO  OF  IF  T4 
ENO  < END  OF  Ltll 

ENO;  t end  of  LH 


! 
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• I/O  INSTRUCTIONS 

I 

I PORNAT  IS  RS  FOLLOHS: 

* BITS  Bt? 

• BITS  8:IS 

! BITS  16:19 

* BITS  28:31 


OPCODE 
UNUSED 
RQ^F  Rl 

OISPinCENENT  01 


THE  sun  OF  B1  RND  D1  HRS  THE  FOLLOHINC  FORHATi 
BITS  8:15  UNUSED 

BITS  16:23  CHANNEL  RODRESS* 

(8  IS  nULTIPLEKOR) 

BITS  24:31  DEVICE  RNO  SUBCHANNEL  RODRESS 


I 


* NOTE:  ONLY  CHANNELS  8-6  RRE  VALID 


CHURIT:.  ! CHANNEL  UAIT  ROUTINE 
BEGIN 

IF  NOT  CHRLS  •>  CHNRIT 
END;  ! END  OF  CHANNEL  HRIT 

CHINIT:>  ! 

BEGIN 

PSCHL  NEXT 
AORIO  NEXT 
CHINST(IR<6:7>]-1; 

CHSEL-1  NEXT 
CHNRIT  NEXT 

CC-CHRNCC;  CHSEL^-B;  CHINSTIIR<6:7>l<-8 
END;  ! END  OF  CHINIT 

SIO:-  ! START  I/O 
BEGIN 
CHINIT 

END;  ! END  OF  SIO 

TIO:.  ! TEST  I/O 
BEGIN 
CHINIT 

END;  ! END  OF  TEST  I/O 

HIO:«  ! HALT  I/O 
BEGIN 
CHINIT 

END;  ! END  OF  HALT  I/O 

TCH:-  ! TEST  CHANNEL 
BEGIN 
CHINIT 

END;  • END  OF  TCH 
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IRS, SI  INSTRUCTION  DECODE  TPBLE 


RSSIf 

BEGIN 

NRR  K 01  NEXT  I EPEECTIVE  ROORESS  CRLCULRTION 

(IF  B1  «>  RSSIBlf(  HRR  - ((1flR*REG(Bl))<23:e>>>  NEXT 


(DECODE  0PC0DE<2:7>  •> 
SSH; 

OPEX; 

LPSH; 

OIRG; 

UND; 

RDO; 

BXH; 

BXtEi 

SRL; 

SLL; 

SRR; 

SLR; 

SRDL; 

SLOL; 

SROR; 

SLDR; 

STN; 

TN; 


NI, 

CLI; 

0I( 

XI; 

LN; 

OPEX; 

OPEX; 

OPEX; 

SIO; 

TIO; 

hlO; 

TCH; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 


I OPCODE  DECODING 
! 88  SET  SVSTEd  HRSL 
! 81 

! 82  LORD  PSU 

• 83  DIRGNOSE 

! 8«  URITE  DIRECT 
! 85  RERO  DIRECT 

• 86  6RRNCN  ON  INDEX  HIGH 

! 87  BRANCH  OH  INDEX  LESS  THAN  OR  EQURL 
I 88  SHIFT  RIGHT  LOGICAL 
! 89  SHIFT  LEFT  LOGICRL 
! 8R  SHIFT  RIGHT  SINGLE  RRITHNETIC 
I 8B  SHIFT  LEFT  SINGLE  RRITHHETIC 
! 8C  SHIFT  RIGHT  DOUBLE  LOGICRL 
! 80  SHIFT  LEFT  DOUBLE  LOGICAL 
! 8E  SHIFT  RIGHT  DOUBLE  RRITHHETIC 
I 8F  SHIFT  LEFT  DOUBLE  RRITHHETIC 
I 98  STORE  nULTIPLE 
! 91  TEST  UNDER  HRSK 
! 92  HOVE  IHHEOIRTE 

• 93  TEST  RNO  SET 

! 94  RNO  INHEDIRTE 
) 95  COHPRRE  LOGICAL  IHHEOIRTE 
! 96  OR  inHEOIRTE 
! 97  EXCLUSIVE  OR  IHnEDIRTE 

• 98  LOAD  NULTIPLE 
! 99 

! 9R 
I 9B 

! 9C  START  I/O 
< 90  TEST  I/O 
! 9E  HALT  I/O 
I 9F  TEST  CHANNEL 
> R8 
I R1 
! R2 
! R3 
! R4 
! R5 
I R6 
! R7 
! Re 
! R9 
! RR 
! RB 
! RC 
I RD 
! RE 
I RF 


Be 

B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

B9 

BR 


OPEX; 
OPEX; 
OPEX; 
OPEX; 
OPEX 
> ! 


BB 
BC 
BO 
BE 
BF 

ENO  OF  DECODE 
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! SS  INSTRUCTIONS 

! FOR  RLL  OF  THESE  INSTRUCTIONS  RN  RDDRESSING  ERROR  OR  R PROTECTION  ERROR 

I RESULTS  IN  TERHINRTION  OF  THE  INSTRUCTION.  RLL,  PRRT  OF,  OR  NONE  OF  THE 
• RESULT  HRV  BE  STORED.  THEREFORE  THE  RESULTRNT  ORTR  IS  UNPREDICTR8LE  RNO  THE 
I SETTING  OF  THE  CONDITION  CODE,  IF  CRLLEO  FOR  NRY  BE  UNPREOICTRBLE.  IN  GENERAL 
I THE  RESULTS  SHOULD  NOT  BE  USED. 


nVNi.  I HOVE  NUHERICS 
BEGIN 

LRUKKBi  LRUK2-e  NEKT 
nVNlf  BEGIN 

RDBYT2  NEXT  ROBYTE  NEXT 
RDBYTI)  T4-nBR<28t31>  NEXT 
ROBYTE  NEXT 
nBH<28i31>*T*  NEXT 
URfiVTE  NEXT 
(IF  LFLO  GTR  LRUX2  ■> 

LRUXK(LRUXUI)<7i8>;  LRUX2-(LRUX2«l)<7t8>  NEXT 
nVNl 

) ! END  OF  IF  LFLO 
END  • END  OF  HVNl 
END;  ! END  OF  HYN 

nvCs-  ! HOVE  CHRRRCTER 
BEGIN 

LRUKl^St  LRUX2^e  NEXT 
nvci:>  BEGIN 

flDDYT2  NEXT  ROBYTE  NEXT 

RDDVTl  NEXT 

URBYTE  NEXT 

(IF  LFLO  GTR  LRUX2  •> 

LRUKU(LRUXl4l)<7:0>|LRUX2-(LRUX2«l)<7:0>  NEXT 

nvci 

) 

END 

END;  ! END  OF  HUC 


nvztm  I HOVE  ZONES  i 

BEGIN  ' 

LRUX1»8|  LRUX2>-B  NEXT 
nV21i>  BEGIN 

RDBVTZ  NEXT  ROBYTE  NEXT 
RDBYTI,  T4^nBR<24:27>  NEXT 
ROBYTE  NEXT 
nBR<24:27>^T4  NEXT 
URBYTE  NEXT 
(IF  LFLO  GTR  LRUX2  o 

LRUXK(LRUXl4l)<7:e>|  LRUX24(LRUX24l)<7ie>  NEXT 
nVHl 

) I END  OF  IF  LFLO 
END  ! END  OF  NVZl 
END,  I END  OF  NOUE  ZONES 
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NCt.  < AND  CHRRRCTER 
BEGIN 

LnUXI«-l|  LflUX2-B; 

NCCC1:>  (CC-e>  NEXT 
Ncii>  beg:n 

flDByT2  NEXT  RDBYTE  NEXT 
LOBVTE.HIBVTE; 

BOBVTl  NEXT  ROBVTE  NEXT 

HIBYTE^dOBVTE  UNO  HI8VTE)  NEXT  URBVTE  NEXT 
NCCC2:>  (IF  HIBYTE  •>  CC>-1>  NEXI 
(IF  LFLO  CTH  LflUX2  •> 

LRUXl-(LRUXl4l)<7)6>t  LRUX2>-(LRUX2«l)<7i6>  NEXT 
NCI 
) 

END 

END;  > END  OF  NC 

CLCi«  • COnPRRE  LQGICRL  CHRRRCTER 
BEGIN 

LRUKl-8;  LRUX2<-8; 

CLCCClo  (CC-B)  NEXT 

CLClo  BEGIN 

RDBYTI  NEXT  RDBYTE  NEXT 
LOBYTE^HIBYTE; 

RDByT2  NEXT  RDBYTE  NEXT 
(IF  lOBYTE  EQL  HIBYTE  •> 

(IF  LFLD  CTR  LRUX2  .> 

LRUXl4(LRUXl+l)<7!e>;  LRUX24(LRUX24l)<7!e>  NEXT 
CLCl 
) 

) NEXT 
CLCCC2i«  BEGIN 

(IF  LOBYTE  L3S  HIBYTE  ->  CC^l)  NEXT 
(IF  LOBYTE  GTR  HIBYTE  •>  CC42) 

END  ! END  OF  CLCCC2 
END  ! END  OF  CLCl 
END;  < END  OF  CLC 

OC:>  ! OR  CHRRRCTER 
BEGIN 

LRUXl^B;  LflUX2<-e; 

OCCCli-  (CC^e)  NEXT 
OCl:>  BEGIN 

flDBYT2  NEXT  ROCYTE  NEXT 

LOBYTE^HIBYTEj 

RDBYTI  NEXT  RDBYTE  NEXT 

HIBYTE^ (LOBYTE  OR  HIBYTE)  NEXT  MRBYTE  NEXT 

OCCC2S.  (IF  HIBYTE  «>  CG^l)  NEXT 

(IF  LFLO  GTR  LRUX2  => 

LHUXl*(LRUXUl)<7ie>t  LHUX24(LRUX24l)<7te>  NEXT 
OCl 
) 

END 

END;  ! END  OF  OC 


B-36 


3366  ISP  DESCRIPTION 


XCt.  ) EXCLUSIVE  OR  CHRRRCTER 
BEGIN 

LRUX1*6|  LRUXZ*-e( 

XCCCli-  (CC-e>  NEXT 
XCli-  BEGIN 

nOBVTZ  NEXT  RDBYTE  NEXT 

LOBVTE*HIBYTE; 

nOBVTl  NEXT  RDBVTE  NEXT 

HIBYTE-(LOBYTE  XOR  HIBYTE)  NEXT  URBYTE  NEXT 

XCCCZo  (IF  HIBYTE  » CCfl)  NEXT 

(IF  LFLO  CTR  LRUKZ  ■> 

LflUXl»(LRUXl*l)<7t6>;  LRUXZ>-(LRUXZ*l)<7iB>  NEXT 
XCl 
) 

END 

END;  ! END  OF  XC 

TRi-  ! TRPHSLBTE 
BEGIN 

LRUXl-B;  LRUXZ-B  NEXT 
TRli.  BEGIN 

flOBYTl  NEXT  RDBYTE  NEXT 
nflRK<flNflR24HIBYTE)<Z3:e>  NEXT  RDBYTE  NEXT 
RDBYTI  NEXT  URBYTE  NEXT 
(IF  LFLD  GTR  LRUXZ  -> 

LRUXl4(LRUNl4l><7i«>;  LRUXZ4(LRUXZ4l)<7ia>  NEXT 
TRI 
) 

END 

END;  * END  OF  TR 

TRTi»  I TRPNSLRTE  RND  TEST 
BEGIN 

LnUXl48;  LRUXZ-e; 

TRTCCl:-  (CC^e)  NEXT 
TRTli-  BEGIN 

RDBYTI  NEXT  RDBYTE  NEXT 
nRR4<RnRR24HIBYTE)<Z3se>  NEXT  RDBYTE  NEXT 
(If  HIBYTE  «> 

REG  til <8i 31>4 (flnRRl4LflUXl)<23i  e>; 
REGIZI<Z4:31>4HIBYTE  NEXT 
TRTCCZi-  BEGIN 

CC-l  NEXT 

(IF  LFLD  EQL  LRUXl  •>  CC-Z) 

END  t END  OF  TRTCCZ 

) NEXT 

(IF  (LFLD  GTR  LRUXZ)  AND  (HIBYTE  EQL  6)  ■> 

LflUXl4(LRUXl4l)<7te>;  LRUXZ*- (LRUXZ4l)<7iB>  NEXT 
TRTl 
) 

END 

END;  ! END  OF  TRT 
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EO>-  ! EDIT  (OECIHRL  FERTURE  INSTRUCTION! 

BEGIN 

NOP 

END;  ! END  OF  ED 

EONKf  ! EDIT  AND  tIRRK  (DECIHRL  FERTURE  INSTRUCTION) 
BEGIN 
NOP 

END;  I ENO  OF  EOtlF 

nvot-  I HOVE  with  offset 

BEGIN 

LflUXl^H;  LflUX7^L2  NEXT 
RDBVTl  NEXT  RDBVTE  NEXT 
T4^nBR<28:3I>;  flDBVT2  NEXT  RDBVTE  NEXT 
HVOli.  begin 

RDBVTl  NEXT 
HBR-NBR  tSie  4 NEXT 
nBR<28:31>-T4  NEXT 
URBVTE;  T4«nBR<24t27>  NEXT 
(IF  LRUXl  NED  8 »> 

LRUX1-(LRUXI  niNUS  1)<7:8>  NEXT 
L2FCH  NEXT 

nvoi 

> ! END  OF  IF  LRUXl 
ENO  • ENO  OF  nVOl 

ENO;  I END  OF  NUO 

PRCFi-  ! PRCF 
BEGIN 

LflUXULI;  LflUX2^L2  NEXT 
RD9VT2  NEXT  ROBVTE  NEXT 
nBR<24:31»nBR<28:31>enBR<24:27>  NEXT 
PRCK1:>  BEGIN 

RDBVTl  NEXT 
URBVTE  NEXT 
(IF  LRUXl  NEQ  0 => 

LRUX1-(LRUX1  NINUS  I)<7)8>; 
L2FCH  NEXT 
T4^n0R<28!31>  NEXT 
L2FCH  NEXT 

NBR<24:31>»NBR<26:31>tT4  NEXT 
pQrct 

> ! ENO  OF  IF  LRUXl 
ENO  • END  OF  PRCKl 

END;  • END  OF  PRCtl 

UNPXs>  ! UNPRCF 
BEGIN 

LRUXl^Ll;  LRUX2^L2; 

(DECODE  RSCNSi;» 

\0  ZONE^’llll; 

\1  Z0NE-’0181 

) NEXT 

flOBVTZ  NEXT  ROBVTE  NEXT 
NBR<24i31>-NBR<28!3I>tHBR<24i27>  NEXT 
UNPFI:>  BEGIN 

RDBVTl  NEXT 
URBVTE  NEXT 
(IF  LRUXl  NEQ  8 » 

LRUXU(LRUXI  NINUS  I)<7i0>; 
L2FCH  NEXT 
T4-NDR<24:27>  NEXT 
NBR<24:27>»Z0NE|  RDBVTl  NEXT 


S3M  ISP  DESCRIPTION 


ZRPi-  I ZERO  RND  ROD  (OECIRRl  FERTURE  INSTRUCTION) 
BEGIN 
NOP 

ENOt  I END  OF  ZRP 

CPi-  I COMPARE  DECINAL  (DECIMAL  FEATURE  INSTRUCTION) 
BEGIN 
NOP 

ENDt  I END  OF  COMPARE  DECIMAL 

APf  ! ROD  DECIMAL  (DECIMAL  FEATURE  INSTRUCTION) 
BEGIN 
NOP 

END;  I END  OF  ADD  DECIMAL 

SPi«  • SUBTRACT  DECIMAL  (DECIMAL  FERTURE  INSTRUCTION) 
BEGIN 
NOP 

END;  \ END  OF  SUBTRACT  DECIMAL 

MP:.  * MULTIPLY  DECIMAL  (DECIMAL  FERTURE  INSTRUCTION) 
BEGIN 
NOP 

END;  I END  OF  MULTIPLY  DECIMAL 


DP:«  ! DIVIDE  DECIMAL  (DECIMAL  FEATURE  INSTRUCTION) 
BEGIN 
NOP 

END;  I END  DF  DIVIDE  DECIMAL 
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! SS  INSTRUCTION  DECODE  TABLE 


RHARI-DI;  AnRR2.-D2  NLXT  > EFFECTIVE  RDDRESS  CRLCULRllON 

(IF  BI  ->  SSBlf  (RnRRl-(R)1RRl4RECIBl)><23i*>))| 

(IF  B2  » SSB2i«(AI1flR2»(RnRR2«REGIB2))<23tl>)>  NEXT 


(DECODE  OPCDDE  <2)7> 
OPEX; 

OPEX; 

OPEXi 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

fIVN; 

nVC; 

nv2; 

NC; 

CLC; 

OC; 

XC; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

TR; 

TRT; 

ED; 

EDttF; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

nvo; 

PRCL; 

UNPF; 

OPEX; 

OPEX; 

OPEX; 

OPEX; 

ZAP; 

CP; 


I OPCODE  DECODING 


nOVE  NUHERICS 

nOUE  CHARACTER 

HOVE  ZONES 

AND  CHARACTER 

CDHPRRE  LOGICAL  CHRRRCTER 

OR  CHRRRCTER 

EXCLUSIVE  OR  CHRRRCTER 


TRANSLATE 

TRANSLATE  AND  TEST 
EDIT 

EDIT  AND  HRRK 


HOVE  NITH  OFFSET 

PACK 

UNPACK 


ZERO  AND  ADD 
CDHPRRE  DECIHAL 
RDD  DECIHAL 
SUBTRACT  DECIHRL 
HULTIPLY  PACKED 
DIVIDE  PACKED 
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I INTERRUPT  SERVICE  ROUTINES 


INTf 

BEGIN 

T2-ILC  NEXT  I SRVE  INSTRUCTION  LENGTH 


I HRNDLE  PRIORITY  (1)  INTERRUPTS 


I 


1 

J 

] 

I 

i 


(IF  INTVEC<a>  RND  HCHLRK  ■> 
ncOPSU-PSU  NEXT 
t1K0PSN<16i3I><-8  NEXT 
SCNOUT^PSU  NEXT 
PSU-HCNPSU; 

INTVEC<ei2>»B 
) NEXT 

! HANDLE  PRIORITY  (2)  INTERRRUPTS 

(IF  INTVEC<1>  •> 

SVCPSM>-PSU  NEXT 
PSU^SVNPSU; 

INTVEC<l>.-8 
) NEXT 

(IF  IHTVEC<2>  •> 

PROPSU>.PSU  NEXT 
PSU-PRNPSU; 

INTVEC<2>»8 
) NEXT 

■ HANDLE  PRIORITY  (3)  INTERRUPTS 

(IF  INTVEC<3>  RND  CHRNSL  •> 

INTCDE-EXTREG  NEXT 
EXOPSU-PSU  NEXT 
PSU-EXNPSH; 

INTVEC<3>-8 
) NEXT 

t HANDLE  PRIORITY  (4)  INTERRUPTS 

(IF  INTVEC.rt>  RND  lONSK  ■> 

INTCDE^OEUREG  NEXT 
. lOOPSH^PSU  NEXT 
PSU.-IONPSH; 

INTVEC<4>-8 
) NEXT 

lNTC0E-8j  1LC-T2  I RESET  ILC  8 INTERRUPT  CODE 
END;  I END  OF  INTERRUPT  HANDLING 


B-42 


1 


S3Se  ISP  DESCRIPTION 
I INSTRUCTION  DECODING  SECTION 
lEXECia 

BEGIN 

DECODE  OPCOOE<BiI>  •> 
RR; 

RX; 

RSSIi 

SS 

END;  I END  OF  lEXEC 


ICYCLE  i« 

BEGIN 

IFETCH  NEXT 
lEXEC  NEXT 

(IF  EXRF  » lEXEC  NEXT  EXRF-B) 

END 

ERRLCED  I END  OF  DECinRRTIONS 
I nniN  EXECUTRBLE  PROGRRH 
RUNi> 

BEGIN 

(IF  NOT  STOPBIT  <> 

(IF  NOT  URITST  .> 

ICYCLE 

) NEXT  I END  OF  NOT  URITST 

INT  NEXT 
RUN 

) I END  OF  NOT  STOPBIT 
END  • END  OF  RUN  LOOP 

• END  OF  5360 
) 


INTERORTn  8/32  ISP  DESCRIPTION 


INTERORTR  i.  ( OECLRRE 


I 


((■ 

I 

i 


USEFUL 


nRCRQ 

HRCHO 

nPCRO 

npcRo 

nHCRO 


I 


NRCROS  SYNONVnS 

BEGIN  :.(S 
END  <•  )S 

IFF  t>  DECODE  KNOT  (S 
THEN  ;>  ))»$ 

ELSE  :>  \ELSE  S 


INTERDRTR  STORRGE  RESOURCES 


I 

j 

i 


! 

i 

I 


REG tB:  1271  <e;31>  ; !8  SETS  OF  16  REGISTERS 

lURRNING:  inPLENEHTRTION  RSSUNES  ONLY  8 REGISTER  SETS 

macro  I f 

BnEnia:maxbytaal<e:7>  ; !BYTE-RODRESSRBLE  nEHORY 

HI1Enie:''7FH]<8ilS>  )>  BHENieiMxbytail<ei7>  ; IHRLF-HORDS 
UnEn(e:"3F«f]<8i31>  la  BNEnieimaxby«aiI<8i7>  | IFULL-HOROS 

I 

I PROCRRH  9TRTUS  UORD  < PSU  > RNO  ITS  SUBFIELOS 

I 

PSR<e:63>  ; 


\PSU. SUBFIELOS 

NCOND.CODE  CC<ei3>  la  PSU<28i31> 
Co  :a  PSM<26>  ; 

Vo  :a  PSU<29>  ; 

Go  !a  PSH<3e>  ; 

Lo  :a  PSR<31>  ; 


•CONDITION  CODE 
•CRRRY  BIT 
lOVERFLOU  BIT 
•GRERTER-THRN  BIT 
ILESS-THRN  BIT 


\REGISTER.SET  R<0!3>  PSH<24:27> 

L0C<e:19>  I a PSU<44:63>  | 
MNTERRUPT.HRSFBITS 
HRCRO  II  la  PSM<17>ePSH<2B>8 
IBo  :=  PSH<17>  ; 

Ilo  la  PSU<28>  ; 

Uo  la  PSR<16>  ; 

Ho  la  PSU<18>  ; 

Ro  ;a  PSU<19>  ; 

Po  !aPSH<23>  ; 

R.Po  la  PSM<21>  ; 

Do  la  PSU<22>  ; 


•CURRENT  REGISTER  SET 
ILOCRTION  COUNTER 

•INNEDIRTE  INTERRUPTS  NRSK  BITS 
IHIGH-ORDEH  BIT  OF  II 
ILOU-Omn  BIT  OF  II 
•URIT-STRTE  BIT 

INRCHINE  NRLFUNCTION  INTERRUPT  NRSK  BIT 
IRRITHNETIC  FRULT  INTERRUPT  NRSK  BIT 
•PROTECT  NODE  INTERRUPT  NRSK  BIT 
•NEnORY  RELOCRTION/PROTECTION  VIOLRTtON  NRSK 
•QUEUE  SERVICE  INTERRUPT  NRSK  BIT 


INSTRUCTION  REGISTER  <1R>  RNO  ITS  SUBFIELOS 


IR<Bt47> 

I 

MR. SUBFIELDS 

OP<0i7>  la  IR<B:7>  ; 
Rl<Bi3>  la  IR<8:U>} 
R2<B:3>  IR<12il5>  ; 

N<0:3>  la  IR<12il5>  f 
X2<Bi3>  la  IR<12il5>  ; 
RIl<Sil5>  :a  IR<16i31>  ) 
RI2<Bt31>  la  IR<16i47>  ; 
D2<B:13>  la  IR<18!31>  ; 
FX2<8:3>  la  IR<12!l5>  ; 
SX2<0:3>  la  IR<2Bi23>  ; 
R2<B;23>  la  IR<24:47>  ; 
RXTYPE<Bil>  la  lR<16il7>  ; 


•OPCODE 

•FIRST  OPERRND-REGISTER 
•SECOND  OPERRND-REGISTER 
•4-BIT  LITERAL 

•SECOND  OPERAND  INDEX  REGISTER 

•16-BIT  CONSTANT 

•32-BIT  CONSTANT 

• 2'S  CONPLEIIENT  OISPLRCENENT 

•FIRST  INDEX  REG 

•2ND  INDEX  REG 

•USED  TO  DECODE  RX  TYPE 


RR  FQRMRf  SUBFIELOS:  OP,  Rl,  R2 
SF  FORNRT  SUBFIELDS:  OP,  Rl,  N 
RI  FORNRT  SUBFIELOS:  OP,  Rl,  X2,  (Rll  OR  RID 
RX  FORNRT  SUBFIELOS:  OP,  Rl,  ((X2,  02)  OR  (FXl,  FX2,  R2)) 
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I ISP  TENPORimv  REGISTERS 


RUNo; 

NOPRoi 

nPCRO  N0P:>M0PR»8t 
NBVTES<Bt2>t 

INSTRo) 
p.  HO; 

< ix«d.  f loato) 
tntv«c<8:3>) 

Int l•v<0■^>| 
devnua<B>; 
dauBtato; 
RRCR<e:24>; 

laacPD  HiaacrseiMcr  tsr8  2 S 
macro  hmacrcamacr  TarS  1 S 
nHR<B:19>  ; 
nBR<a:31>  ) 

laacro  Hmar;°mar  tarB  2 S 
laacro  hmarismar  tarB  1 S 
SET<8:2>;>R<l!3>  ; 
ER<8sl9>  ; 
CC0P<Bi31>; 
RI0PNa<B:31>  ; 
tamplo; 

flflCRO  ai9n:ctamplS 
taiBpft<B:3>; 
IohcB:3>; 
tanpS<B:4>; 
taHp8<B: 7>; 
TEH'-’16<0il5>) 
datl6<8il5>  ; 
nnCRO  naxl6:Hdatl6S 
TEnP17<8:16>; 
TEHP20<0:19>  ; 
TEnP32<8:31>  j 
dat32<B:31>  ; 

RRCRO  div32tadat32> 
TEHP33<B:32>  ; 
7EnPB4<0:63>  ; 
Q64<B:63>  ; 
0L0PSU<Bs63>  ) 
nPCRO  NEUPSU:a  TEnP29t 


• RUN  PLRGt  1 GO;  8 HALT 

INOP  REGISTER 
INULL  STHTENERT 

INO.  OF  BYTES  TO  RERG/URITE  FROM/INTO  nEHORY 
INBYTES  CRN  BE  1,  2,  OR  * (BYTE,  HALF  OR  FULL  UORO) 

IFLRCi  8a>  ORTA  FETCNf  1»  INSTR.  FETCH 
Ir.H  • 8 — raadj  r.a  m 1 — - urita 

Klxad.fleat  ■ 8 — fixad  pt  arlthaatlei  (Ixad.doat  > 1 Floating 

llntarrupt  vaelor  (eontalna  a 1 In  (ha  bit  pealtlon  oorraapandlng  to  a pt 

Icontalna  (ha  currant  Intarrupt  laval  baing  proeaaaad 

Iduaay  davica  nuabar 

Iduaag  davlea  atatua 

iMc  addraaa  tranalatlan  ragtatar 


IHENORY  RDDRESS  REGISTER 
inEMRY  BUFFER  REGISTER 


IREGISTER  SET  SELECTION!  8 aata  onlu 
(EFFECTIVE  RDORESS  FOR  RX  A R1  FOAIMT  OPERAMOS 
ICOND.CODE  OPERAND  <32-BIT) 

IRI  FORNRT  OPERAND 
ll-bit  taap  rag 
ll-bit  taap 

14- blt  taap  rag 

U-blt  taap  rag  uaad  by  Intehk 

15- bit  taap  rag 
18-bM  taaporary  rag 

116- bit  TEHPORRRY  REGISTER 
lanothar  16-bit  taaporary  rag 

lanothar  16-bit  taaporary  raglatar  (uaad  alth  Hat  Inatruct  Iona) 

1 17- 8 IT  TEMPORARY  REGISTER 
128-BIT  TEflPORARY  REGISTER 

132- BIT  TEHPORRRV  REGISTER 
lanothar  32-bit  taaporary  rag 

lanothar  32-bit  taap  (uaad  in  divida  inatruct Iona 

133- bit  taaporary  ragiatar 
164  -BIT  TENPOARRY  REGISTER 

lanothar  84-blt  taap  (uaad  In  Divida  Inatruct Iona) 

(USED  TO  HOLD  CURRENT  PSH 
(ADDRESS  OF  NEH  PSU 


! 
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I ISP  SUBROUTINES CRLLED  BY  OTHER  ROUTINES 

tHRC  is  cstlsd  by  NEHRO  snd  HENHT 

Ipsrlorss  set  lens  of  the  Hssery  Rcesss  Conlrollsr 


HRC:*  bsqin  Insbory  access  control 

NOP  INOT  CURRENTLY  INPLENENTEO  IN  THIS  ISP 

end;  >Mc 

■BNORYCHL  is  callsd  by  HEHRO  and  HEtlHT 
■parasalsrsi  nbytas  (rsadenly))  ear  (raad/Mrils) 

BNDRYCHK:>Bayin  !chael:  addrsii  boundary 

*i)  data  read  »>  boundary  error  eausas  Mchins  Interrupt 
lit  instruction  rsad  •>  addrsia  are  truncated  to  lousr-oost  boundary 
'Initially,  just  truncate  all  addrassss,  sines  INTERORTR 
'has  not  yat  iisplsasnlsd  the  H int  tor  boundary  errors 
(IFF  (nbytas  EQL  2)  THEN  ■ar^sar  AND  "(((to  t 

Ihalfuord  aecssaas  oust  bo  on  a haltuord  boundary 

ELSE 

(IF  nbytas  aql  4 •>  ■ar*-Bar  AND  "Itttc  ) 

■it  tulluord  read,  oust  be  on  tulluord  boundary 

) tend  IFF 

END;  'end  bndrychk 


HEHRO  BEGIN 

r.u>-B  NsKt 
bndryeht:  Naxt 
HACR-NAR  Nsnt 
(IF  R.P  .>  HAC  ) NEXT 
(decode  nhytsi  •> 

\8  rop; 

\1  Pbri-bBaBliaacrl ; 

\2  Bbr>-hBSB(hBaerl  I 

\3  nop; 

\4  BbrcHBsBluBacrl 

) 'and  dacoda 

END  ; 'HENRO  ; 


•READ  NBYTES  FROM  HENORV  ADDRESS  HAR  INTO  HBR 
Ideing  a rsad 
lehit  Mord  boundary 
llnitlallzs  Baer 
I BOBory  aeesss  control 


tread  byte  zsro-ti 1 1 
tread  haltNord 

tread  word 


nEHHT:.BECIN 

BNORYCHL  NEXT 
R.U-1  ;nACR  ^NAR  NEXT 
(IF  R.P  » NAC  > NEXT 

(DECODE  NBYTES  » 

\6  NOP* 

\1  BKENINACRI  » I1BR<24:31>  ; tBYTE  HRITE 

\2  HNENIHNHCRUnBR<16t31>|  tHRLFHORD  HRITE 

\3  NOP; 

\4  UnEniunRCRI<-nBN<8i31>  tFULLUORO  HRITE 

) tEND  DECODE 

END;  tHENHT 


IHEnORY  HRITE  ROUTINE 

tCHECK  FOR  BOUNDARY  RLIGNNENT 

tOOING  A HRITE 

tIF  R.P  » HENDRY  TRANSLATE 


CCFIXEOfBEGIN 


(DECODE  CC0P<e>  » 
\e.N0NNEG 

(IFF  (CCOP 
ELSE  CC-2 
>; 

\1.NEG  CC^l 
) t END  DECODE 
END;  tCCFIXEO 


tcetixod  sate  CC  using  valuo  ot  paraaotor  eeep 
to  and  L sat  according  to  ecop  value 
tC  and  V sat  to  B 
I tost  sign  ot  ecop 

EQL  8)  THEN  CCrB  ; telsar  G and  L 
last  C 

test  L 


t SYS INT  ! LORDS  NEH  PSH  AND  SAVES  OLD  PSH  IN  REGISTERS  14  RND  15  OF 
I THE  NEHLY  SELECTED  SET 

I SYS  INT  IS  USED  HHEN  ANY  OF  THE  5 TYPES  OF  INTERRUPTS  OCCURl 
t SUPERVISOR  CALL,  ILLEGAL  (OR  PROTECTION)  INSTRUCTION, 
tSYSTEN  QUEUE  SERVICE,  RRITHHETIC  FAULT  . 
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t INPUT  PRRRRETERSi 

INEUPSH  - CONTAINS  NERORV  ADDRESS  OF  NEU  PSH 
SYSINT  )•  BEGIN 

OLDPSH-PSH  NEXT  ! SAVE  CURRENT  PSH 

Mr^neHpiH  NEXT  lADDR  OF  NEU  PSH 

TEnpBk-ietai^unEniHttARi  next  (part  of  neh  psu 

nAR»<NRR«4><19if>  NEXT 
TEnP6«<32:63>-UNEIIIUnRR)  NEXT 
PSU-TENP64  NEXT  !NEH  PSU  LOADED 

!PSU-UnEniHEUPSU)<8:31>RUnEniNEHPSU  * 4)<8i31> 

I PSU  LOADED  UITH  DATA  IN  HENDRY  AT  ADDRESS  NEUPSU 

RECISETCEUOLDPSU  <e:31>| 

REG(SETa*F)»OLDPSU<32:63> 

!OLD  PSU  LOADED  INTO  REGS  1*  AND  IS  OF  NEU  SET 
END  I ! SYSINT 

QSCHK  :•  BEGIN  ISYSTEN  QUEUE  SERVICE  CHECK 

uro'BS  NtMt  Uddraii  ol  lyitm  qudud  ti  at  local  ten  *88 

■br*-HMai(uBarI  NonI  MelcN  addraaa  ol  ayalw  quaua 

aa>-Bbr<13:31>  Naxt  I Ion  28-bi1  addraaa 

Mra-  (aa'»2)<I9iS>i  nbylaB>-2  Naal  Iprapara  to  latch  2nd  hallMord  el  I lat  Hoadr  of  ayetaN  queue 

Neard  Neal  lator  now  centatna  the  no.  of  alete  uead  In  the  I let /queue 

(IF  nbr  ■>  lie  there  an  entry  in  the  queue 

naMpaH>-*88  Neat  III  so,  syat.  queue  interrupt  occurs 

sysinl  Neat  lehanys  procseaor  statedor  Interrupt  handling) 

raglsste  *dlraa  Iplaca  addraaa  of  syatae  queue  In  rag.  13  of  nau  aat 

) land  IF 

END  i I QSCHK 


lARITHCHK  called  by  DIVIDE  instructions 
IparaaatarBS  fixed. I lost  (readonly) 
lARITHCHK  calls  SYSINT 


ARITHCHKsaBagln  larithaatlc  Interrupt  check 

(IF  a ■>  naupauf'eSt  laddraas  ol  nsa  pea  lor  arlth.  inta  handler 

sysinl;  Ichanga  pracassor  atata  (la.  suap  paua) 

(DECODE  lixad. float  a>  luas  It  a fixed  pi  or  floating  pt  arltheatlc  error 
\8.  fixed  c<-8;  I fixed  pt  operation  •>  clear  carry 

\1.  float  c«-l  I floating  pi  » sal  carry 

) land  DECODE 

) land  IF 

End;  larlthchk 


gatdavlnfo;«Bagln  Iraspond  to  l/o  Interrupt  by  getting  device  no.  and  status 

nop  Iduaay  paraaalars  relurnsdt  davnua  I davatat 

End; 


IIOINT  Is  called  by  INTCHK  whan  an  Interrupt  of  level  Intlav  Is  to  be  proeaeaad 
Iparanalerst  Intlav  (readonly) 

IIOINT  calls  CETOEVINFO 

lOINTivBegin  Ian  l/o  Interrupt  of  level  Intlav  exists  (and  Is  enabled) 

Iprocaaa  interrupt  1 1 1 

oldpaH<-pBH  Next 

pBH<0t31><.  (*28  8 Int Isv)<31t8>  tSLO  4 Nsxt  last  nau  psu  status 

Ichanga  to  the  rag.  sat  corrsaponding  to  Intlav 
rag(Bat8(*8<3i8>>l»eldpBH<0i31>i  Isava  old  psu  In  regiatars 

rag(sat8(*l<3i0>)I<-eldpaM<32i63>  Next  I 1 and  2 of  the  nax  sat 

gatdavinfo  Next  Igat  device  no.  and  status 

rag(Bst8(*2<3:0>))«-  davnua;  Isava  davica  nuabar  In  rag  2 of  nau  sat 

rag(Batd(*3<3i8>)]*  davatat  Next  Isava  device  atatua  In  rag  3 of  nau  aat 

Iocr(*d0  ♦ ( (’8tdavnua)<19t8>  tSL8  2))<19i0>  Igat  address  of  device  handler  froia  Interrupt  handlar  tat 

End;  llelnt 
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INTERORTfl  8/32  ISP  OESCNIPTIOH 

I INSTRUCTION  PORNRT  ROUTINES 

I ' rr  8 •<  lerMt  InmtruetiDni 


rrforiMt  bigtn 

LOC  - (NRR  ♦2)<19iS>  | 
lnitr»8 

END  I IrrforMl 


lUPORTE  LOC 

lENO  ol  Instruct  Ion  latch 


lal  Instruction  lorast 


sf  tonsatisBagln 
rrlorast 

End;  lalforMt 


IsllorMt  usss  sans  routins  as  rrloraat 


Irl  type  1 torut  Instruction 


rlllorut:a  begin 

narf(isar42><19t6>  NEXT 
Mnrd  NEXT 

Ir<16i31>rabr<16<31>  NEXT 

Icaleulats  rl  operand 


lupdata  sar 
Iraad  nbytss  Mrs 


END  t 


(dacoda  rll<8>  •>  Itost  sign  bit 

riopndi-rll  t Inonntg 

rlopndx  (*MI<  •rll)<31:8>  tnag 
> NEXT  lEND  dacoda 

(if  x2  ■>  r II India (rlopndc  (riopnd  * rag(satt)i2I  )<31i8>)  )NEXT 
loc  (Mr42><19i8>  I lupdata  loe 

Instr^e  lEND  OF  INSTRUCTION  NODE 

Ir lifer cat 

!ri  typa  2 Instruction  forMt 


I IndSHlng 


rl2forMt  la  bagin 

aar>-  (nar42)<19i8>i  nbytss>-2  NEXT 

(saard  NEXT  Irsad  2 bytas  Mrs  el  Instruction 

ir<16!31>«-sbr<16:31>  NEXT 

iMr<-(iur42><19t8>  Next  lupdata  Mr  to  read  last  2 bytes 

aoBrd  Naxt  Inou  have  read  48-bltB  el  Instr 

lr<32i47><-Bfar<lS;31>  Naxt  lhad  to  raad  2 halluords  to 

! Insure  proper  boundary  alIgnMnt 

loc  a (l■ar42)<l^l8>  | Instr  48  next  lupdata  loe,  Instr 

plopndarl2  NEXT  Icaleulats  rl  operand 

(if  x2  a>  rl2ind:a(r iopnda  (riopnd  4 raglast8x21  )<31t8>>  > llndsxlng 

END  ; lrl2(oPUt 


Irx  forMt  Instructions 

rxforaatiabsgin 

ura  (Mr42><19i8>  NEXT 
Msrd  NEXT 

lr<16t31>aMr<iet31>  NEXT 
toM32a8  NEXT 
(dacoda  rxtypa  a> 
rxlforMt\88ia  begin 


rx3lorisat\81ti 


Inbyts  still  2 

Iraad  anothar  half  Mord 

Unit 

Idstsrslno  rxtypo 
Irx  type  1 
Id2  nenneg 


taM32-il2  next  ...  , 

(If  x2  ■>  rxl India (tsap32a(tsM32  4 ragtsatlxE) )<31i8>  >>  Next 
aaatsBp32<12i31>  Isllsetiva  address 

END  s Irxl 


Irx  typa  3 


Iraad  another  hall  uord  el  Instr 


begin 

•ara(nar42><19i8>  NEXT 
Msrd  NEXT 
lr<32t*7>aMr<iei31>  NEXT 
ToM32aa2  NEXT 

(if  fx2  a>  taap32a(iaM32  4 rag(Battlx21)<31i8>  ) NEXT 
(If  sx2  a>  taap32a(tapp32  4 pogtsst8Bx2I )<31t8>  ) noxt 
aaataap32<12i31>|  Irx3  sllaellvo 
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rM2a4orMlM(ia  bajln  lr»  typa  2 < d2  naimaf 

t«ap32»(Mr42«d2)<31i«>  NEXT 

(If  x2  ■>  PM2«lndia(laap32»(<Wib32«r*f(M<tK2)><31iC>  >)  NEXT 
aa«-iaap32<12i31>  l2>-bM  addraaa 

ENO  I Irx2  X cl2  nennaf 


rM2b4arM4Ml>a  bayin  Irx  tyya  2 t d2  nay 

tan|i32<-  ((#777777  «d2  ) ♦ aw  « 2><31iN>  NEXT  lanaand  d2  ta  32>bi«B 
(II  »2  a>  PM2blndia(taBaS2»(laaa32«raylBatNa21)<31it>  >)  NEXT 
aaa(ta«a32  ><12i31>  l2N-bM  addraai 

ENO  Ipk2  and  d2  nay 
) NEXT  lENO  daeada  ratypa 

laealaar  a 2)<lli0>|  Inatraf 
ENO  I IrMloraat 
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INTCRORTR  8/32  ISP  DESCRIPTION 


ILLINST  :sB«gin  llll•g•l  instruct  Ion  tneoundrtd 

NEUPSU-''3e  NEKT  IRDDRESS  OF  NCR  PSU  FOR  lU.INST.INT.HRMOIER 
SYSINT  ISURP  PSUS 

END  ; I ILLINST 
! 


INTERORTR  8/32  ISP  DESCRIPTION 


! THE  LORD  INSTRUCTIONS 


LRiabaqtn  i load  raq 

RRFORNRT  NEXT 
CCOP  - REG  ISETtR21 NEXT 
REGISETtRl)  - CCOP  NEXT 
CCFIXEO  (SET  CC 
ENO  I tLR 


LIScBEGIN  ILORD  inNEO. SNORT 
SFFOHNRT  NEXT 
CCOP  - N NEXT 
REGISETtRl)  - CCOP  NEXT 
CCFIXEO 
ENO  I ILIS 


LCS:.BECIN  'LORD  COHPLEHENT  SHORT 
SFFORNRT  NEXT 

ccop^iNiNuscseeesea  tN)<3it8>><3ii8>  next 

REGISETtRl)  •-  CCOP  NEXT 
CCFIXEO 
ENO(  ILCS 


LInati-BECIN  ILORD 

RXFORNRT  NEXT  ICRLCULRTE  ER 
NBYTES-  4;nRR>-ER  NEXT 
HENRO  NEXT  IRERO  HORD  FROM  HER 
CCOP-HBR  NEXT  ILORD 
REGISETtRl)  •-  CCOP  NEXT 
CCFIXEO 
ENO;  ILINST 


LI> -BEGIN  ILORD  inNEO 

RI2F0RNRT  NEXT 

CCOP-  RIOPND  Naxt  ICOND  CODE  PRRRN 

REGISETtRD-CCOP  NEXT  ILORD 
CCFIXEO 

and;  !LI 


LHi-BEGIN  ILORD  HRLFHQRD 

RXFORtIRT  NEXT 
NRR-ER;  NBYTES-2  NEXT 
HENRO  NEXT 

(DECODE  NBR<16>->  ISIGN  BIT 

\a.NONNEG  BEGIN 

CCOP-  nBR<16t3I>  NaKt 
REGISETtRD-CCOP 
•nd  ; INB-DECODE 
M.NEG  BEGIN 

CCOP-  (*FFFF  t nBR<16i31>)<31i8>  Naat 


REGISETtRD-CCOP 
ENO  IM-OECODE 
) NEXT  lond  DECODE 
CCFIXEO 
and;  ILH 


LHIt-Batin  I load  haKaord  iMMadlata 

rllforiMt  Naxt 

ccop-rlopnd  Naxl  . Irlopnd  alraady  algn  tMtondad 
pa9laattrD-ccop  Naxt 
ccf ixad 
END;  llhl 


LRi -BEGIN  ILORD  RDDRESS 

RXFORNRT  NEXT 

REGISETtRD-ER  128-BIT  RDDRESS 
and;  ILR 
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INTERORTR  8/32  ISP  DESCRIPTION 


LHL:>BEGIN  !LORD  HRLFUORD  LOCICRL 
RXFORHRT  NEXT 
NByTES-2|  HRR-Efl  NEXT 
HEnRO  NEXT  IRERD  HRLFUORO 

CC0P-NBR<16>31>  NEXT  !ZERO-FILL 

REG(SET«Rl)»nBR<16i3I>  NEXT 
CCFIXEO 
and  : !LHL 


LI1:.BEGIN  'LORD  HULTIPLE 

RXFORNRT  NEXT 

NBVTESo*;  NRR^ER;  TEnP4.-Rl  NEXT  ITERP*  IS  USED  FOR  LOOP  COUNTER 
LnULT>>(  HENRO  NEXT 

REGISET»TEnP4]-nBR  NEXT 
nRR-<nRR44)<19iO>  NtMt 

(IF  taapt  LSS  IS  » taap4»(ttR|i44l><3il>  Naxt 
LHULT) 

) 'and  LHULT 
and  I I LH 


LB:«BECIN  ILORD  BYTE 

RXFORHRT  NEXT 
HRR^ER;  NBYTES-l  NEXT 
HEHRO  NEXT 

REG(SETaRll»  nBR<24t31>  (FORCE  HIGH  BITS  TO  ZERO 

END;  ! lb 

LBR:>BECIN  (LORD  BYTE  REG 

RRFORHRT  Naxt 

REG ISETcRlI  -REG  ISETaR2) <24i 31> 

(FORCE  HIGHBITS  TO  ZERO 
END;  !LBR 

STHt-  BEGIN  (STORE  HRLFUORD 

RXFORHRT  NEXT 
HflR-Efl;  NBYTES-2; 

nBR<16  s 31>-REG  ISETaRlI <I6i 31>  NEXT 

HEHUT 
END;  ( STH 


STB:-BEGIN  (STORE  BYTE 

RXFORHRT  Naxt 

HRR-ER;  N6YTES-  1 { 

HBR<24i31>-REG(SETtRll<24>3I>  NEXT 
HEHUT 

END I (STB 

STBRi-BEGIN  (STORE  BYTE  REGISTER 

RRFORHRT  NEXT 

REG  ISET9R2)  <24  > 3I>-REC  ISETaRlI  <24i  31> 

END;  (STBR 

STHs.BEGIN  (STORE  HULTIPLE 

RXFORHRT  NEXT 
NBYTES-4;HRR-ER;TEHP4-R1  NEXT 
SHULT>«(  HBR-REC  ISETaTEHPIl  NEXT 
HEHUT  NEXT 
(IF  taap4  LSS  15  » 

HRR-  (HnR«4)<19t8>  iTEHPR-  (TEnP44l)<3i8>  NEXT 
SHULT  > 

) (END  SHULT 

END;  (STH 

ST  I -BEG IN  (STORE 

RXFORHRT  NEXT 
HRR-ER;  NBYTES-4  Naxt 
HBR-REC  ISETaRlI  NEXT  o.co 

HEHUT 

END;  (ST 


INTEROnm  8/32  ISP  DESCRIPTION 


EXBNiaBagkn  laxhaiiqa  byta  ray 

rrioraat  Naxt 

pag(BalNr2l<lBt31>*  paylaatNrlI<24i31>  t ra9laatNrl)<18i23> 
End|  laxbr 
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INTERORTR  8/32  lSf>  DESCRIPTION 

•BOOLERN  INSTRUCTIONS 

ORINSTf  BEGIN  lOR  REGISTER 

RRFORNRT  NEXT 

ccopi-ragUattrll  or  rtgIiottr2)  Noxt 
rogIsotSrll«cop  Noxt 
ccftxod  tea  I condition  coda 

and;  lorinat 


Oio  bagin  lor  inatr 

rxfornat  Naxt 

nbgtaa<-4;  nart-aa  Naxt  Iprapara  to  fatch  opnd 
laeard  Next  Iraad  a xord 

ccope  raglaatcrll  or  abrxStSlx  Naxt 
cct ixad 

end;  <0 


0I:=  bagin  lor  iMMadiata 

ri2torMat  Noxt 

ccopxraglaatCrl)  or  riopnd  Naxt 
rag(xatarll«-  ccop  Naxt 
cct Ixad 

and;  !QI 


0H:oBagin  lor  hallHord 

rxiornat  Naxt 

taaroaa  ; nbytaB>-2  Naxt  Iprapara  to  fatch  data 

memrd  Next  Hatch  halfHOrd  data 

(IFF  (nbr<16>  EQL  8)  THEN  taBp32-Bbr<I6i31>;  Itaat  algn  bit 

ELSE 

tanp32>-  "(fff  e abrxlGtSlx  Ipropagata  algn  bl t (nagat Iva) 

) Next  lend  IFF 

ccop  ragCsatSrll  OR  tenp32  Next 
rag(aateril»«cop  Next 
cc fixed 
END;  I oh 


0HI:>Bagln  lor  halluord  iMndlata 

rllforaat  Naxt 

ccop>-rag(Bat8rIl  OR  riopnd  Naxt  Irlopnd  already  algn  axtandad 
raglsatsrllxcop  Naxt 
cef  ixad 
END;  I oh  I 


X:»Bagin  laxclualva  or 

rxfornat  Next 

mar<-aa;  nbytaB*-4  Naxt  Iprapara  to  fatch  data 
naard  Next  Hatch  fuluord  data 

ccopi-reglaotdrll  XOR  abr  Naxt 
reg(8atBrl]«-ccop  Naxt 
cef  ixad 

END;  lx 


XR:>Bagin  laxclualva  or  ragiatar 

rrforaat  Next 

ccop>-rog  (aetsrll  XOR  rag(Batar2l  Naxt 
rag  (aatSrl) •■ccop  Naxt 
cef  ixad 
END;  Ixr 


XIi«Bagln 

ri2foraat  Naxt 


laxclualva  or  I 


END; 


ccopt-raglaatarll  XOR  riopnd  Naxt 
raglaetarllrceop  Next 
cef Ixad 
1x1 
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iNTnMrro  a/aa  isf  description 


■ 


|iN  I •xclutiv«  OP  haMNord 

rwloa— t Naat 

■ari  aat  nliyta««2  Nom<  'prapara  to  tatch  data 

MHPd  NoMt  * latch  lulHord  data 

tiff  (abrxlSx  EOL  6)  THEN  ta«p32vMbr<16i31>t  Moat  alqn  bit 

ELSE  toi^i32»'‘<fll  t ■br<I6i31> 

I•i9n  OKtond  data 
> Naat  land  IFF 
ccap»ra9lBa ttrll  XOR  abr  Noxt 
raf  lactarDxeop  Naxt 
cc« Ixad 
Ixh 


XHImBagtn  laxclualva  or  halluord  laaMdlata 

rillopaat  NomI 

ccopfcpaglaotcrll  XOR  riopnd  Naxt  lalqn  alroady  axtond 
poflBalNrllpccop  NomI 

ceT  l-Mod  ' 

EN0|  tahl 

Ninati-OECIN  IRNO 

RXFONNNT  NEXT 
WM-ERt  NBVTES<4| 

ItEMW  NEXT  t FETCH  OPERAND 

ccoppRecisetcrd  rno  hbr  next 
RECISETnN1)*CC0P  next 
CCFIXED  ISET  COHO  COOE 
ENOt  IHInat 

NRi-KGlN  IRNO  REG 

RNFOmiRT  NEXT 

CCOP-REG  ISETcRll  RNO  RECISETaR2I  NEXT 
RECtSETaR11*CC0P  NEXT 
CCFIXEO 
ENOt  INR 


Nli-BEGIN  IRNO  inHED 

RI2F0RnflT  NEXT 
CCOPpRECISETaRll  RNO  RIOPND 
RE6ISET(iRl)*CC0P  NEXT 
CCFIXEO 
ENOt  INI 


NEXT  132-BIT  inNEO.  OPRNO 


NHt-BECIN  IRNO  HfllFUORO 

RXFORHRT  NEXT 
nRRpER;NBVTES»2  NEXT 
NERRO  NEXT 

(OECOOE  nBR<16>  » ICHK  SIGN  BIT  OF  HRLFHORD 
\a.POS  TEnP32-nBR<16:31>| 

M.NEG  TEnP32»"FFFFR(nBR<(I6t3I>> 

)NCXT  lEND  OECOOE 
CCOP-REG  ISETtRIl  RNO  TERPSE  NEXT 
REG ISETcRll -CCOP  NEXT 

CCFIXEO 
ENOt  INN 

NNltaBEClN  IRNO  HRLFHORD  INttED 

RIIFONIMT  NEXT 

CCOP-REG ISETcRII  RNO  RIOPNO  NEXT 
RECISETCR11  - CCOP  NEXT 
CCFIXEO 
END;  INHl 


I 

L 


INTEROHTR  8/32  ISP  DESCRIPTION 


ISHIFT  INSTRUCTIONS 

SLLtaBagin  lahllt  left  (•yleal 

rlKoraat  Naxt 

UMpSa-  ('0tPt9(Mt8rlI)<32i8>  tSLI  <r topfiN<27i31>)  NmT 

!u«*  loM-ordir  S-Nita  of  rlepnd  It  dalaratna  ahlfl  eauat 

^product  a 33-bM  raauM  uhlch  Ineludaa  tba  carry  In  bit  8 

ccap>-labp33<li32>  i 

rag(aaltrll»ceep  Naat  132-bll  raault 

cefixad  Naat 

e*-lanp33<8>  laal  carry  bit  of  condition  coda 
END;  >all 


SLLSisBayin  lahllt  loft  loyleal  abort 

affornat  Naxt 

tonp33-('e«ra9(tat«rlII<32i6>  tSLI  n Noat 
ccop»taBp33<li32>  ; 
rog(tatbrlI*«cap  Naat  132-bit  raault 
cc fixed  Naxt 

c*-lapp33<6>  (act  carry  bit  of  condition  caNa 

END;  ialla 


SLHi.iaBagin  lahlft  loft  halfnard  logical 

rilforaat  Next 

tonpI7«-  (’8eroglaatNrIl<16i31>)  tSl.8  (r lopnd<28i31>)  Naal 
iuaa  loM-ordar  4-blta  of  riopnd  to  dotornino  ahlft  count 
•ahift  tha  loH-ordar  16-blla  onlyi  rotain  tha  laat  bit  abiftad 
ccop<B:  15»-taapl7<li  16>|  ipaat  ccflxod  a 16-blt  raault 

rag(Botarl)<16i31»-ceop<BiiS>  Naxt  llB-NIt  raault 
ccflxod  Naxt 

c«-taBpi7<B>  laal  carry  bit  of  conditlaa  cada 
END;  lalhl 


SLHLSt>Bagln  lahlft  loft  halfnard  logical  ahort 

affornat  Naxt 

tonpl7<-  (’BeraglB0tarII<16t31>)  tSLB  n Next 
lahlft  tha  lon-ordar  16  blta  only;  rataln  tha  laat  bit  ahiflad 
ccop<B:15»'tanpl7<l:16>;  Ipaaa  cefixad  a 16-bit  raault 

raglBatarlI<16i31>»eeop<6tlS>  Naxt  llB-bIt  raault 
ccflxod  Naxt 

c<-tanpl7<B>  laat  carry  bit  of  candlllon  caOa 

END;  lalhla 


SRLsaBagin  lahlft  right  logical 

rilforaat  Naxt 

tanp33<Bi31»-  roglaaiarll  Naxt  I laf  t-Jual  Ify  In  33-bit  rag 
I in  order  to  retain  tha  laat  bit  ahiftad  out 
tonp33-tonp33  TSR8  (r  iepnd<27t31>)  Neat 
Iuaa  lon-ordar  S-blta  of  riopnd  to  dataralna  ahlfl  eaant 
Iproduea  a 33-bit  raault  nhich  Ineludaa  the  carry  In  bit  S2 
ccop-tonp33<6i31>  ; 
rag laattr 11  recap  Next  132-blt  raault 
cefixad  Next 

e<-lanp33<32>  loot  carry  bit  of  condition  eado 
END;  lari 


SRLStrBogin  lahlft  right  logical  abort 

affornat  Naxt 

tonp33<6t31>rragtaatBrll  Naxt  I loft-juatify  Into  39-blt'raf 
tin  order  to  rataln  the  laat  bit  ahiftad  out 
lonp33-taBp33  tSRB  n Naxt 
ceoprtanp33<Bt31>  ; 
roglaalirllrccep  Naxt  132-bil  raault 
ccflxod  Next 

criar^33<32>  laal  carry  bit  of  eandlllon  aada 

END;  ler<a 


SRNLiaBogIn 


lahlft  right  hallward  logical 
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I 

[ 

\ 


\ 


I 

I 

i 


I 

I 


rilforMt  NiKt 

tai(pl7<ei  15»-  r«9(i«ttrll<16i31>  Next  In  17-4ill  r**g 

I In  ordar  to  retain  tha  last  bit  shiflad  out 
taiipl7<-taBpl7  tSR8  (r iopnd<28:31>)  Next 
lusa  lou-ordar  4-blts  of  riopnd  to  delaralna  ahift  count 
(produce  a i7-blt  raault  which  Ineludaa  tha  carry  In  bit  16 
ccap<B:  15><-tabpl7<8!  15>| 

rag(satsrl)<16i31»-ccop<8>15>  Next  116-blt  raault 
cef  Ixod  Next 

c<-tawpl7<16>  laot  carry  bit  of  condition  coda 
END;  Isrhl 


SRHLStaBagin  lahlft  right  halfword  logical  abort 

sfforwat  Naxt 

taapl7<8s lS><-reg(eat8rl)<16s31>  Naxt  ■ loft-Juatlfy  Into  17-bl1  rag 
tin  order  to  retain  tha  laat  bit  ahiftod  out 
taMpl7vtaiipl7  tSR8  n Naxt 
ecop<0:15»-taapl7<8(15>  ; 

raglsatsrlKieiSlxrccopxStlSx  Naxt  116-bll  raault 
cefixod  Next 

c<-taapl7<16>  laot  carry  bit  of  condition  coda 

END;  larhia 


RLL:>Bagin  Irotato  Irtt  logical 

rilloraat  Naxt 

ccap>-ragCsat8rl)  tRL  r lopnd<27:31>  Naxt  132-blta 
Irotata  laft  by  tha  aat  apaelflad  In  tha  low  S bita  of  riopnd 
rag(satsrll<-ccop  Naxt  Iraault 
cef Ixod 
END;  Irll 


RRlr^Bagin  Irotata  right  logical 

rilforitat  Naxt 

ccop>-raglaatarl)  tRR  r lopnd<27!31>  Next 

Irotata  right  by  tha  aat  apaelflad  In  the  low  S bIta  of  riopnd 
rogtsatsrllrccop  Naxt 
cef ixad 
END;  IrrI 


SlRi-Bagin  Ishift  laft  arlthaatlc 

rilforaat  Naxt 

signi-rag(Bat8rl1<8>  ; tenp32<-rog(tet8riI<lt31>  Naxt 

(save  sign  of  ragCaatdrl];  prepare  to  ahift  raaalnlng  bita 

toap32*-  (tanp32  tSLB  riepnd<27:31>)<31i8>  Next 

lahift  by  aat  apaelflad  by  low  S bite  of  riopna 

ccopr  Bign  ■ toap32<li31>  Naxt  Itha  algn  bit  raaalna  unehangad 

rag(aat8rl1*«cop  Naxt 

cefixad  Next  laat  condition  coda 

c<-taiip32<8>  laot  carry  bit  of  ce 
END;  'ala 


SlHRsaBegin  lahift  laft  halfword  aritnatlc 

rilforaat  Naxt 

signrreglBaterllxlSx;  taopl6<-raglaatSrl]xl7i31>  Naxt 

Ishift  low  15  bits;  retain  sign  bit 

tanpie-  (toaplB  tSLB  riopnd<28:31>)<15:8>  Naxt 

luaa  low-order  4-blta  of  riopnd  to  dataralna  ahift  count 

ccap<e:15>r  algn  8 tanplBxl: 15>  Next 

rag(sat8rll<16i31»-  eeop<8il5>  Naxt 

cef Ixod  Naxt 

c<-tanpl8<6>  laat  carry  bit  of  ce 
END;  lalha 


SRRiaBagln  lahift  right  arithaatie 

rilforaat  Next 

algn«-regCaBtarl)<8>  ; 'retain  algn 

toBp32<Bt3e>rrag(aatarll<l>31>  Next  I do  right  31-blt  shift 
(DECODE  sign  ■>  Isign  datarnlnoa  fill  bit 

R_i;7 


INTERORTR  8/32  ISP  DESCRIPTION 


\8.poB  t«iip32»  t«iip32  tSRS  r iopnd<2/:3I>| 

Vl.nag  taiip32«-  taiip32  tSRl  r lopnd<27>31> 

) NaKt  land  dacoda 

IshHtad  riqht,  sign  llll)  carry  In  bit  31  of  laBp32 
ccopt-  sign  a taBp32<0t3B>  NaMt  lalgn  t 31-blt  raault 
ra9(8atarll4^cop  Naat 
ccf  ixad  NaMt 

c*-taMp32<31>  laat  carry  bit  at  cc 

EN0|  Isra 


SRHn:BBagin  Ishilt  right  halfuord  rag 

rillornat  NaMt 

tampl6<6: 14>>reg(satsrll<17!31>i  !15-blt  ahltt  to  ba  dona 

s ign<-rBg(saterl]<e>  NoMt  Isava  aign 

(DECODE  sign  »>  Isign  detarainaa  fill  bit 

\6.poB  tanpl6<-  tanplS  tSRB  r iopnd<28:31>; 

M.nag  tanplB*-  tanpiilJ  tSRl  r iopnd<28t31> 

) NaMt 

Ishilt  right  by  aat  spocifiad  in  Ioh  4 bits  of  riopnd 

iHhan  shift  ing,  propagate  aign,  and  save  carry  in  bit  1$  of  toaplS 

ccop<B:15»-  sign  8 tslipl6<B!  i4>  NsMt 

rag (as tBrll <16t  31>rccop<0i 15>  NsMt 

cct iMsd  NaMt 

c*-lenpl6<15>  last  carry  in  cc 

END;  Isrha 


TSisBagin 

rMlornat  NaMt 
mar<-Ba;  nbyts8<-2  NaMt 
memrd  NoMt 
l<-mbr<16>  NaMt 
INOTE:  could  have  dona 
i»br*-«ibr  OR  "8060  Neat 
meliwt 

END;  Its 


I last  and  sat 

Iprapara  to  latch  halluord  data 
I latch  halluord 

lusa  noBt  signilicant  bit  to  sat  cc 
ccop<0:15>*bbr<16i31>,  and  cal  lad  cctiMSd 
Isat  iwst  significant  bit  ol  halluord 
lurlta  back  halluord 


TLRTEisBegin  Itranslata 

rxfornat  Naat 

mar<-(ea  + ( (’8er8glsaiarl]<24:31>)<8i6>  tSL0  I)><19i0>;nbytaar2  NsMt 
luse  character  in  rag  to  indaa  into  table  at  addrasa  aa 
laamrd  Naxt  Iraad  halluord  table  entry  into  lou  hall  ol  nbr 

(IFF  (nbr<16>  EQL  1)  THEN  Itost  Moat  significant  bit  of  table  entry 

rag  (sa  terll  <24 : 31>raifar<24i  31>; 
liable  contains  a nau  transaltad  character 
ELSE 

t latalSB ( locr  (’6epbr<17:31>)<15:B>  TSL6  1)  Ibraneh  to  translation  routine 
Ispacifiad  by  table  entry 
) land  IFF 

END;  It  lata 


B-58 


INTERORTd  S/32  ISP  OESCRIPTIOR 


ICORPRRE  INSTRUCTIONS 


Match  fullMord  operand 


ClnattBSaoin  (coapara 

rMtoraat  Nant 

■ar<-aa;  nby4at>4  Nani  'prapara  to  tatch  data 
Msm  % 

taapSS*-  (raglaatarll  ♦ (NOT  nbr)  ♦ I)<32t8>  Naat 

Icubtract  oparanda  and  eoapara  raauM  Mith  zero 
fpartora  *2aan  « a - b*  to  covar  aM  poaalbla  valuaa  o<  a S b 

Mag.  ba(-  2aan>  haa  no  poaitiva  value,  given  n bita) 

ceap>-taaf)33<li32>  Naat  !32-bit  raault 

ectixad  Naxt  !aat  Initial  cond.  coda 

(IF  I » c<-l)  !uaa  raault  nagativo? 

(carry  aat  In  cc  uhan  relation  la  < 

ENO;  Icinat 


CRtsBagtn  Icoapara  rag. 

rrforiaat  Next 

teagi33«-  (raglaatarll  ♦ (NOT  rag(aater21>  + l)<32i6>  Next 

Iparfora  *2aan  ♦ a - b”  to  covar  all  valuaa  ol  a S b 
laubtract  oparanda  and  eoapara  dittaranca  uith  zero 
ccoprtaap33<l>32>  Naxt  132-blt  raault 

cc fixed  Naxt 
(IF  I » crl) 

(carry  aat  In  ee  uhan  relation  la  < 

END;  (cr 


CIiaBagin  (eoapara  laaMdlata 

rl2foraat  Naxt 

t0Bp33*-  (raglaattrll  ♦(NOT  riopnd)  * 1)<32:6>  Naxt 

(coaputa  dittaranca  ot  oparanda  and  eoapara  ulth  zoro 
ccep>-taap33<ls32>  Next 

e«-  NOT  taap33<6>  (aat  carry  bit  (tlippod) 

ENOt  'cl 


CHtxBagin  (eoapara  haltuord 

rxforaat  Next 

laarrea;  nbytaa<-2  Naxt  (prepare  to  tatch  haltuord 

ZMord  Naxt  (tatch  haltuord  data 

(algn-extand  and  convert  data  to  tulluord  operand  and  do  coaipariaon 
(DECODE  nbr<16>  ■>  (toat  aign  bit  ot  haltuord  data 

\0.poB  tanpaa- (raglaattrll  + (NOT  (’‘FFFF«nbr<16:ai>>  ) ♦ l)<32ie>  t 
M.nag  taBpaa<-(reglBatgrll  ♦(NOT  (”8866  I Bbr<16iai>)  ) ♦ l)<32i6> 

> Next  (and  dacoda 

ccepxtanpaa<li32>  Naxt 
cefixad  Naxt 

cr  NOT  (taup33<0>)  (carry  aat  tor  < ralationa 

EN0«  (ch 


CHIiaBogIn  (eoapara  hal luord  laaMdlata 

riltoraat  Naxt  (riopnd  alraady  algn  OMtandod 

toupaar (raglaattrll  ♦(NOT  riopndl  ♦ l)<32i8>  Next 
ccoprtaapa3<li32>  Next 
ectixad  Naxt 

e<-  NOT  taBpaa<6>  (eat  carry  uhan  relation  It  < 

END;  (eh  I 


CLtaBagln  (eoapara  logical 

rxfornat  Naxt 

aarroa)  nbytaarf  Next  (prepare  to  latch  data  uord 
laanrd  Next 

tanpaar (raglaattrll  ♦ (NOT  abr)  ♦ l)<32i0>  Naxt 
ccoprtaapa3<l>a2>  Naxt 

ectixad  Next  (coaputa  arlthaatie  cc 

(DECODE  rag(Battrll<8>  t abr<8>  ■>  (algna  ot  oparanda 

\68  (IF  I ■>  crll|  (both  poalt  lvo;rolat  Ion  aaaa  aa  arlthaatie  eoapara 
\61  crl|  (relation  la  < 

\18  nopi  (relation  la  > 

Ml  (IF  g ■>  c»ll  Irovaraa  relation 
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> land  daeoda 

ENO(  Id 


CLRiaBaqin  Iceapara  lofleal  rag 

rrfomat  NaKt 

taBp33>-<rag(iatariJ  ♦ (NOT  ragltatar21>  * l)<32i8>  Naat 
ccap>-taBp33<li32»  Naat 

ccfixad  Naat  Icoaputa  arlthaatlc  cc 

(DECODE  raq(Battrll<8>  • raq(aa<ar2I<t>  ■>  laiqni  o<  oparanda 

\88  (IF  I ■>  cri);  lbe<h  peail Ivairalal Ion  laaa  aa  arMhMIle  eoapara 

\61  e<-i;  Iralalion  Is  < 

M8  nop;  Iralalion  Is  > 

Ml  (IF  g ■>  crl)  Irsvsrss  ralatlon 

> land  dacoda 

END;  Iclr 


CLIiaBagIn  Iceapara  logical  iHiad 

ri2lornat  NomI 

taBp33<-(roglsat8rl]  * (NOT  riopnd)  a l)<32iB>  Non! 
ccop>-iaBp33<l:32>  Naat 

cclixad  NskI  Icoapula  arlthaatlc  cc 

(DECODE  rag(BatNrl1<8>  l riopnd<6>  b>  Islgns  ot  oparanda 

\80  (IF  I B>  erl);  Ibolh  posit lvs;ralat Ion  naao  aa  arlthaatlc  eoapara 

\Bi  cd;  Iralalion  Is  < 

\18  nop;  Iralalion  Is  > 

Ml  (IF  g B>  c<-l>  Irovarsa  ralatlon 

) land  dacoda 

END;  icH 


CLH:aBagin  Icoapara  logical  haltuord 

rxforaat  Naxt 

aar>-aa;  nbgtaad  Naxt  Iprapars  to  fatch  data  haltaord 
aaard  Next 

(IFF  libr<16>  THEN  tsap32-Bbr<18:31>; 

ELSE  tonp32-  ”f((f  t nbr<16t31> 

) Naxt  Ihaltuord  data  sign  axtandad 
laiip33*-(ragtsattrll  ♦ (NOT  taBp32)  * l)<32i8>  Naxt 
ccop>-tanp33<li32>  Naxt 

ccfixad  Naxt  Icoapula  arlthaatlc  cc 

(DECODE  roglBat8rll<8>  g taap32<8>  ■>  Islgns  ot  oparanda 

\0B  (IF  I ■>  c<-l);  Iboth  posit lvs|rala( Ion  aaaa  aa  arlthaatlc  coapara 

\B1  crl;  Iralalion  is  < 

MB  nop;  Iralalion  is  > 

Ml  (IF  g a>  ca-l)  Irovarsa  ralatlon 

> land  dacoda 

END;  Icih 


CLHliaBagin  Icoapara  logical  haltuord  iMHd 

rlltoraat  Naxt 

Irlopnd  alraadg  sign  axtandad 
taBp33r(rBg(sat8rll  * (NOT  riopnd)  4 l)<32i8>  Naxt 
ccop>-tanp33<l>32>  Naxt 

cctixod  Naxt  Icoapula  arlthaatlc  cc 

(DECODE  rBg(BatNrl)<8>  8 rlopnd<B>  ■>  Islgns  ot  oparanda 

\B8  (IF  I » c<-l)|  Ibolh  posit  Ivairalal  Ion  saaa  as  arlthaatlc  caapara 

\B1  c*-l;  Iralalion  la  < 

M8  nop;  Iralalion  Is  > 

Ml  (IF  g ■>  eel)  Irovarsa  ralatlon 

) land  dacoda 

END;  Iclhi 


CLBtBBagin  Icoapara  logical  bgta 

rxtoraat  Naxt 

aarraa;  nbgtaarl  Naxt  Iprpara  to  tateh  bgta  data 

aaard  Naxt 

taap8r(rag(B0t8rl)<28i31>  4 (NOT  abr<24t31>)  4 1 )<7t8>  Naat 
ccap<Bt7>»toBpS  Naxt 
cetixad  Naxt 

(DECODE  rBglsat8rll<24>  8 abr<28>  ■>  laigna  el  data 
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\ee  (IP  I ■>  C<-1>;  lbo«h  peiMlv«tr«latlen  artthMtle  coapara 

\ei  c<-l(  Iralalion  ta  < 

MS  nop;  Iralatlen  la  > 

Ml  (IF  g ■>  c«-l>  Iravaraa  ralatlon 

) land  daceda 

END;  Iclb 


CHVRieBagin  Iconvarl  1o  hallMord  valua  rag 

rpfomat  Next 

tanp32<18: 31>rrag (aa tSr21<16i 31>  Naxl 
(DECODE  1aiip32<16>  •>  IhallHord  aign  bit 
NS.poD  taiap32<8i  15><-6t 

M.neg  taiip32<0t  15>r"M(( 

) Next  Isign  axtandad 

taiepl*-c;  laava  currant  carrg  In  cc 

ccop>-teap32  ; pag(aattrll<-taBp32  Naxt 
cct ixad  Next 

c*-tenpl  Naxt  Iraatora  old  carry 
(DECODE  taap32<e>  ■>  laign  o4  raault 
\6.poa  (IF  rag(aatar21<Si 15>  NEQ  8 ■>  v»l); 

M.nag  (IF  pag(aattr2)<8t  1S>  NEQ  "(((♦  «>  vrl) 

) lovarfioH  occurred not  a valid  hailNord 

Ichvr 


END; 


INTERORTn  8/32  ISP  DESCRIPTION 


IBIT  INSTRUCTIONS 


Itast  bit 


TBT: sBag in 

rKtoraat  Nent 

mar>-(aA  + raglssterll  tSRB  3)<19:6>  j nbytai>-l  Naxt 
■valua  in  rag  is  a bit  displacaatnt  Into  tha  array 
'starting  at  addrasa  aa. 

menrd  Next  Match  byta  froa  array 

(DECODE  rag[seterll<29i31>  >>  !gat  indicatad  bit 
\8  tenpli-iiibi'<2(i>; 

M tsmpl<-iiibr<25>; 

\2  to™pl<-i»br<26>; 

N3  teiiipl<-iiibr<27>; 

teiiipl<-iiibr<28>; 

\5  tenpl<-abr<29>; 

\6  tanpli-nbr<38>; 

\7  tenpl>-abr<31> 

) Naxt  land  baalact 
ccopi-tenpl  Naxt 
ccf  ixed 
I tbt 


Isat  cc’s  g it  bit  Is  1 


END; 


CBT: =Bog in 

rxfomat 


Icoaplenant (f I ip)  bit 

Nex  t 

marf-(ea  ♦ reglsatgrll  tSR8  3><19:6>; 

nbytes>-l  Naxt  Match  byta  Mithin  bit  array 

Hoard  Naxt 

(DECODE  rog[soterl]<29:31>  ->  Isalact  bit  Hithin  salactad  byta 


\e 


\1 


\2 


S3 


S4 


\5 


\6 


\7 


) Naxt 


END; 


meaut  Naxt 
ccop>-taapl  Naxt 
cc  f i xed 
'cbt 


( taapI<-Bbr<24>  Naxt 

mbr<:24>«-  NOT  tempi  ); 

( templ«-mbr<25>  Naxt 

mbr<25>i-  NOT  tempi  ); 

( tampl>-mbr<26>  Next 

mbr<26>i-  NOT  tempi  ); 

( tampl<-mbr<27>  Next 

mbr<27>»-  NOT  tampl  ); 

( templ>-abr<28>  Next 

mbr<28»-  NOT  tampl  >; 

( tampl<-abr<29>  Next 

mbr<29>i-  NOT  tempi  ); 

( tsmpl>-mbr<38>  Next 

mbr<30»-  NOT  tampl  ); 

( templ)-mbr<31>  Next 

mbr<31>«-  NOT  tampl  ) 

'and  dacodo  bit  select 

urita  back  byta  Mith  bit  flipped 


!i 


Isat  cc’s  g it  bit  Mas  1 


Isat  bit 


SBT:=Begin 

rxformat  Next 

mari-lea  ♦ raglsatgrl)  tSR8  3><19:8>; 

nhyies>-l  Next  Match  byta  Mithin  bit  array 

Heard  Naxt 


(DECODE  rog(set@rll<29:31>  =>  Isalact  bit  Mithin  salactad  byte 


S8 


SI 


\2 


\3 


S4 


\5 


< templ*-mbr-;24>  Next 
mbr<24>*-  1 ); 
(tenpli-mbr<25>  Next 
mbr<25>i-  1 ); 
( tenpl«-mbr<;26>  Naxt 
mbr<26>i-  1 ) ; 
( templ«-mbr<27>  Next 
Bbr<27>»-  1 ); 
( tenpl>-nbr<28>  Naxt 
mbr<28>i-  1 ) ; 
( tampl«-nbr<29>  Naxt 
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END; 


l■br<31>»  1 ) 

> N«Nt  land  dacoda  bit  aalacl 

MMMt  NaKt  larlta  bteK  byta  Mith  bit  1 1 Ippad 

ccopotaapl  NaKt 

cctixad  !sat  cc’i  9 it  bit  aai  1 

!abt 


Iraitt(claar)  bit 


RBTsxBaqin 

rKforaat  NaKt 

m«r«-(a«  * ra9(iat8rll  tSR8  3><19t6>j 

nbytai*-!  Naxt  Match  byta  Hithin  bit  array 

tioard  NaKt 

(DECODE  ra9(iatsrjl]<29!31>  » 


\e 


laaiact  bit  within  aalactad  byta 


\1 


\2 


\3 


END; 


( tanpl«-iiibr<24>  Next 
nibr<24>*-6  >; 

(taiipl<-abr<2S>  Next 
iabr<2S»-8  >; 

(taitpi*'abr<26>  Noxt 
nbr<26»-B  ); 

( tanpl<-aifar<27>  Next 
liibr<27>»-8  ); 

( taapl<-nbr<28>  Next 
nibr<28»-6  >; 

( taitpl<-Bbr<29>  Noxt 
mbr<29>r8  ); 

( tanpl<-iiibr<38>  Next 
Nibr<3B>*>8  ) ; 

(1anpl<-«tbr<31>  Next 
nbrxSlxa-B  > 

) Next  land  dacoda  bit  salact 

rneinut  Next  Iwrita  back  byta  with  bit  tlippad 

ccoprtanpl  Naxt 

cctixad  laat  cc’a  9 it  bit  wax  1 

•rbt 


\5 


\6 


S7 
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1 


IRRITHNETIC  INSTRUCTIONS 


■ ROD 


rxfornat  N«xt 

; nbyt*i*-4  Ntxt 

•MMrd  Naxt  Hatch  tha  eparand  (fullMord) 

taiip33  ragtaattrl)  * Mbr  Naxt  l33-bH  raault 
ccop  tamp33<li32>  Naxt 
cct  txad  Naxt 

(if  taiBp33<8>  •>  cd  ) Naxt 
(if  (iibr<6>  EQL  ra9[aatarll<8>> 

■ > v*l 

) Naxt  Itaat  for  ovartloM 

raglaattrll  ccop  132-blt  raault 
IRinat 


!32-blt  raault 
!tat  cond  coda 
itaat  carry 

RND  (taiv33<e>  NEQ  taBp33<l>> 


END 


RRx 


END; 


Bagin 

rrforaat  Naxt 

taiap33>-  raglaatlrll  * rag(aattr2)  Naxt 
ccop>-tanp33<l!32>  Naxt 
ccf ixad  Naxt 

(IP  taiip33<B>  •>  c>-l)  Naxt 

(IP  (rag(Batarll<8>  EQL  ragIaat8r2)<B>> 

■ > Vfcl 

) Naxt 

raglaatarlKccop 


iadd  rag I a tar 


133-bit  raault 

! 32-bit  raault 

iaat  initial  cc 

itaat  tor  carry 

RND  (taMp33<8>  NEQ  taap33<l>) 


Itaat  (or  ovartloH 
132-blt  raault 


flIi>Bagin 

rl2lornat  Naxt 

taMp33>-  raglaatorl)  * riopnd  Naxt 
ccop>-taiip33<li32>  Naxt 
ccf Ixad  Naxt 

(IP  taiip33<6>  •>  c<-l)  Naxt 


iadd  iiMNdlata 


133-bit  raault 
i32-blt  raault 
iaat  Initial  cc 
itaat  for  carry 


END; 


(IP  (rag(aat«rU<8>  EQL  rtopnti<B>)  AND  (taap33<B>  NEQ  taiBp33<l>) 

■>  v*-! 

) Naxt  itaat  for  ovarflou 

Ilf  tha  algna  of  tha  tuo  oparanda  ara  tha  aaa 
land  thaaa  diffar  frea  that  of  tha  raault 
I than  ovarflou  oeeurrad 

raglaatsrlKccop  132-bif  raault 

iai 


risk 


END  I 


Bagin 

affornat  Naxt 
taiap32<-n  Next 

tai«p33*-  reglaatcril  4 toap32  Naxt 
ccop>-taap33<L>32>  Naxt 
ccf ixad  Naxt 

(IP  taiap33<B>  •>  crl)  Naxt 
(IP  (rag(aattrll<8>  EQL  taap32<B>> 
■>  vrl 

) Naxt 

rag (aa  tcr 11 *ecop 

lala 


Iadd  laaad.  abort 


RND 


iaxpand  to  32  bita  (zaro-tlll) 
133-bit  raault 
!32-bit  raault 
Iaat  Initial  cc 
Itaat  for  carry 
(taMp33<6>  NEQ  tab|i33<l>) 


Itaat  for  ovarflou 
132-blf  raault 


RHisBagin 

rxfornat  Naxt 
Mar<-aa;  nbytaad  Naxt 
Hoard  Naxt 

(IP  i«br<16>  ■>  iabr<BtlS>»-*llff)  Naxt 
taiip33*-raglaatsrll  * aibr  Naxt 
ccop'-taiip33<l>32>  Naxt 
ccf Ixad  Naxt 

(IP  taHp33<B>  ■>  crl)  Next 
(IP  (rag(aatarll<B>  EQL  abrxBx)  RND 
■>  v*l 

> Naxt 

rag laa ttr 1) *«cop 


Iadd  halfuord 


Iprapara  to  fatch  halfuord  data 


lalgn  axtand  halfuord  data 
t33-bif  raault 
132-blt  raault 
loot  Initial  cc 
Itoat  (or  carry 
(ta«p33<8>  NEQ  taap33<l>) 


END| 


If 


Itoat  (or  ovarflou 
132-blt  raault 
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RHIi: 


>6ig  tn 

riKorul  N«>it 


ladri  hallHord  liawdlat* 

Iriopnd  alraady  ilyn  aatandad 
!33-bM  rtiuM 
!32-bi1  raiuM 
!tat  eond  coda 
Halt  carry 


END  ; 


tanp33  •-  reylaatdrl]  ■*  rlopnd  Naat 
ccop  taitp33<l(32>  Naxt 
ccfi.xad  NoKt 

(It  taap33<8>  =>  e«-l  ) Naxt  naxi  carry 

(it  (raylaattrilxSx  EQL  rlopnd<6>>  RNO  <1aBp33<B>  NEQ  taBp33<l>) 

a>  v<-l 

) Naxt 

rsylaatcrl]  ccop 
IRHl 


ttaat  tor  ovartlox 
132-bit  ratult 


RftiaBayin  ladd  to  Mbory 

rxtoraat  Naxt 
nar-aa  ; nbytai-d  Naxt 

laaard  Naxt  Match  tha  operand  (tulltiord) 

tanp33  •-  raytaatdrl)  + aibr  Naxt  133-bll  raiult 
ccop  •-  tanp33<li32>  Naxt  132-bit  ratult 

cctixad  Naxt  iiat  cond  coda 

(It  taiap33<6>  » c*-l  ) Naxt  Matt  carry 
(it  (nbr<8>  EOL  rtyltatdrllcBx)  AND  ltaap33<S>  NEQ  tatp33<l>) 
a>  vrl 

) Naxt  Matt  tor  ovartlox 

■br-ccop  Naxt  iprapara  to  ttora  ratult  back  In  aabory 

heaut  lurlta  tulluord  ratult  at  addratt  ta 

End;  ian 


RHiisaBtyln 

rxtoraat  Naxt 
aar-aa;  nbytair2  Naxt 
aaard  Naxt 

(IF  abr<16>  =>  abr<8tl5>«-”tttt)  Naxt 
taapl7«-  (raglsatSrl]  * Bbr><16l8>  Naxt 
ccopcB:  15»-taapl7<Ii  16>  Naxt 
cctixad  Naxt 

(IF  taapl7<e>  •>  e<-i)  Naxt 
(IF  (rag(iatdrll<8>  EQL  tbrxlBx)  RNO 
x>  vrl 

> Naxt 

abr<-taapl7<li  16>  Naxt 
(leaxt 

i aha 


ladd  haltuord  aabory 

Iprapara  to  tateh  haltuord  data 

Itign  txtand  haltuord  data 
117-bit  ratult 
116-bit  ratult 
Itat  init ial  cc 
Matt  ter  carry 
(toBpl7<8>  NEQ  1aBpl7<l>) 


Itubtract 


Match  tha  optrand  (tulluord) 
133-blt  ratult 


END; 

SiaBtgIn 

rxtoraat  Naxt 
aarraa  ; nbyttt>-4  Naxt 
board  Naxt 

taap33  •-  (ragliatarll  * (NOT  abr)  * 1)<32>8>  Naxt 
ccop  I-  taap33<li32>  Naxt  132-blt  ratult 

cctixad  Naxt  laat  eond  coda 

( 1 1 tanp33<8>  •>  crl  ) Naxt  I taat  borrou 

(It  (abrxBx  NEQ  raglaetarl]<8>)  RNO  (1oap33<B>  NEQ  taBp33<l>) 
>>  vrl 

) Naxt  Moat  ter  overt lou 

raglaatarll  ccop  132-blt  raault 

ENO  ; la 


Moat  tor  ovartlox  bttad  on  haltuord  raault 
116-bit  raault 

lurlta  haltuord  ratult  back  to  awaory  at  addratt  aa 


SRixBagin  laubatract  raglatar 

rrloraal  Naxt 

tanp33-  (raglattarl)  * (NOT  rog(aatar2I)  l)<32i8>  Naxt 


END; 


132-bit  ratult 
Itat  Initial  cc 
Moat  tor  borrou 


133-blt  raault 


ccop-(aap33<li32>  Next 
cctixad  Naxt 

(IF  teap33<8>  •>  crl)  Naxt 
(IF  (rag(aattrll<8>  NEQ  ra9laat8p21<6>)  RNO  (taap33<8>  NEQ  taap3S<l>) 
•>  v»l 

Naxt 


) 

raglaatarllrccop 

lar 


Matt  ter  overt  leu 
132-blt  ratult 
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S I : =t)eg  in 

ri2fornal  Next 

tenp33>-  <re9lsatSrll  * (NOT  rlopnd) 
ccop>-temp33<l:32>  Next 
ccf ixed  Next 

(IF  tanp33<6>  o c*-l)  Next 
(IF  (ragtsatsrl)<8>  NEQ  rlopndxS>> 
=>  v^l 

) Next 


ra9(setSrll4-ccop 
END;  Isi 


liubtract  Imadldt* 

l)'<32s6>  Next  !33-b<t  racuM 
! 32-bit  raiult 
Itat  Initial  cc 
Itaat  for  borrox 
I (taap33<8>  NEQ  tanp33<l>) 

Itest  for  overflOH 

!if  tha  sign!  of  tha  tao  oparanda  ara  tha  aaaa 
land  thaia  diffar  froa  that  of  tha  raault 
! than  overt  low  occurred 
! 32-bit  raault 


SIS:=Be9in  Icubtract  iMaad. 

sffornat  Next 
tenip32-n  Next 

temp33'-  (re9tsaterl]  t-  (NOT  teap32>  + 
ccop*- temp33<li 32>  Next 
ccf ixed  Next 

(IF  tenp33<6>  cd)  Next 

(IF  (ra9(seterl)<8>  NEQ  taiip32<8>>  AND  (taiip33<B>  NEQ  taBp33<l>) 

= > Vrl 


laxpenri  to  32  bita  (zaro-fIM) 
1><32:8>  Next  133-blt  raault 
!32-bit  raault 
laat  initial  cc 
Itaat  for  borrou 


) Nex  t 

re9  Ise  t9rll  «-ccap 
END;  'sis 


Hast  for  ovsrfloH 
132-bit  result 


short 


SNrcBegin  Isubtract  halfword 

rxforaat  Next 

mar-ee;  nh9tsBi-2  Next  Iprepare  to  fetch  halfword  data 

memrd  Next 

(IF  mbr<16>  :>  labrxB:  lS»-''f  f f f ) Next  Isign  extend  helfword  data 

tenip33>-  (ro9(seterl1  -f  (NOT  nbr)  * 1)<32:B>  Next  133-blt  raault 

ccop<-lenp33<l!32>  Next  132-bit  raault 

cefixed  Next  Iset  initial  cc 

(IF  temp33<8>  =>  c*-l)  Next  Itest  for  borrow 

(IF  (reg Ise terll <8>  NEQ  nbr<8>>  AND  (tsap33<B>  NEQ  taap33<l>> 

=>  v«-l 

> Next  Hast  for  overflow 

reglseterll^-ccop  132-bit  result 

END;  Ish 


SHI : sBeg in 

riliormat  Next 

tsnip33  ••  (rogfsetSrll  ♦ (NOT  rlopnd)  ♦ 
ccop  *-  teiBp33<l:32>  Next 
ccf ixed  Next 

( i ( 1emp33<8>  b>  c*>1  ) Next 
(if  (rag (so tsrll <B>  NEQ  riopnd<B>)  AND 
=>  vrl 

) Next 

reglsatSrll  •-  ccop 
END  ; ISHI 


Isubtract  halfword  Inaaadlata 

Iriopnd  alraadg  sign  axtandad 
1)<32:B>  Next  133-blt  raault 
132-bit  raault 
Iset  cond  coda 
Heat  borrow 

(tsap33<B>  NEQ  taBp33<l>) 

Hast  for  overflow 
132-bit  raault 


rtinetiBBegin  Inultiply  instruction 

rxformat  Next 

'instruction  requires  an  even/odd  register  pair 

'rl  must  specify  an  EVEN  register  •>  rl  and  (rl  al)  salsctad 

(IF  rl<3>  B>  nop)  Next  III  rl  not  even  xxarror garbage  raaultalll 

mar-oa;  nbytaB<-4  Next  Iprepare  to  fetch  data  operand 

memrd  Next  Hatch  fullword  data 

signrO  ; tsiip32>-rsg(sste(rl  OR  1>]  Next  Inaed  to  dataralna  sign  of  raault 

Iboth  operanda  Bust  bs  positive  lor  a logical  laulllply 
(IF  mbr<8>  b>  nbrr (IIINUS  mbr)<31:8>;  signi-(sign4l)<8>)  Next 
(IF  lsmp32<6>  b>  teBp32>- (ttlNUS  taiap32)<31i B>|  signr(aign4l)<8>)  Next 
temp64>-  teiiip32  4 nbr  Next  Icoaputa  64-b)t  product 

(IF  sign  i>>  tempSOr (fllNUS  tsnp64)<63iB>)  Naxt  IchscZ  sign  of  result 

rsg(sati*rl}*teiap84x8:31>;  Iplapa  Boat  significant  part  of  raault  In  svan  rsglatsr  of  tha 

reglsatslrl  OR  l)l«-tsBp64<32i63>  pdir  (place  least  significant  part  of  raault  In  odd  raglatar 
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End|  ininat 

nRi«B«9tn  liMil  < Iply  ragiitar  Inatrucllon 

rrforMi  Naxt 

Hnatructlon  raquirai  an  avan/odd  ragialar  pair 

!rl  lauat  apacify  an  EVEN  ragiatar  •>  rl  and  (rl  +1)  salactad 

(IF  rl<3>  ■>  nop)  Next  !l(  rl  not  avan  o>arror — garbaga  raaulla!!! 

aign<-8  ; taap32>-reg (sat8r2}  j Inaad  to  dotaraina  aign  ot  raault 

dat32«-raglsatS(rl  OR  D)  Naxt  Iboth  operanda  auat  ba  poattlva  for  a logical  lauitiplg 

(IF  dat32<8>  x>  dat32r(l1INUS  da(32)<31:8>;  aign*-(5ign*l)<8>>  Naxt 

(IF  taBp32<8>  » taap32>-(l1INUS  taap32><31i6>;  aign>-(aignal)<8>>  Naxt 

taap6R<-  taap32  a dat32  Naxt  Icoaputa  6d-blt  product 

(IF  aign  o>  taapEdrdtINUS  taap6*><63:8>)  Naxt  Ichacl:  aIgn  of  raault 

rag(aat8rl1«-taap6t<8:31>i  Iplaca  aoat  aigniflcant  part  of  raault  In  avan  raglatar  of  the 

raglaatffrl  OR  l))4-taap6il<32:63>  poir  Iplaca  laaet  aignlfleant  part  of  raault  In  odd  raglatar 

End;  IlfR 


laultlply  halfuord  Inatructlon 


Iprapare  to  fetch  halfword  data  operand 
Match  halfword  data 

!a  logical  aultiply  reqiiiraa  poaltlve  oparanda 


NHi aBagin 

rxforaat  Naxt 
nart-aa;  nbgtaB>-2  Naxt 
aeard  Next 

aignrS;  taapl6<-rag(aaterl]<16:31>  Naxt 
(IF  taapl6<0>  » a ignr(s ign«l><8>|  taapl6>.(niNUS  taapl6)<lS:8>)Naxt 
(IF  nibr<16>  e>  a lgnr(a ign4l)<8>;  nbr<-(niNUS  abr<16:31>><15i0>)Naxt 
taap32>-  teaplS  a Mbr<16:31>  Naxt  Icoaputa  32-bit  product 

(IF  sign  tenp32i-(l1INUS  taap32)<31s8>)  Naxt  Ichact;  aign  of  raault 
rag(aatSrlI<-taBp32  latora  raault  in  rag 

End;  IHH 


nHR:xBagin  laultiply  halfword  raglatar 

rrforaat  Next 

sign*-6;  t8apl6*-reg(sat8rll<16:31>; 

datl6*-rag(Bat8r2)<16:31>  Next  Mogical  aultiply  requirea  positive  operanda 
(IF  datl6<8>  x>  sign>-(slgn4l)<8>;  datl6r(niNUS  datl6><15:8>)Naxt 
(IF  tanpl6<8>  •>  Blgno(algn4l)<8>|  taaplEr (NINOS  tanpl6><lSi8>)  Naxt 
tenp32rtaapi6  a datlS  Naxt  Icoaputa  32-bi1  product 

(IF  sign  D>  tanp32<-(NINUS  tanp32><31:6>)  Naxt  (IF  aign  » teap32>- (NINOS  taap32><31i6>>  Naxt 
raglaatarl)<-teBp32  cinn 

End;  INHR 


Ichack 


DinatiwBagin 

rxforaat  Naxt 


(IF  rl<3>  «>  nop)  Naxt 
f Ixad.  f loat<-8  Naxt 


Idivlda 

Ian  avan/odd  raglatar  pair  la  raquirad 
larror  rl  must  ba  EVEN — garbaga  raaulta 
Mixed  pt  arlthaatic  operation 

Mixed. float  la  a paraaatar  paaaad  to  the  arlthchk  routine  (If  an 
arithmetic  Match  32-blt  divisor 


cannot  divide  by  zero 


Bwrrea;  nbytoiri  Naxt 
Naard  Next 

(IFF  (abr  EQL  8)  THEN  arlthchk;  I 

ELSE  Begin 

taap64«-rog(aat8rl)  t rag(sat9(rl  OR  1)1  Naxt  !6*-bil  dividandt  aoat  aignlfleant  bits  In  avan  rag 
Bignr8  Naxt  I Initialize  aign  of  quotient 

Idataralna  aign  of  quotient  and  force  operands  to  be  posit  Iva 

(IF  toap6t<B>  •>  slgnr(aign4l><8>; 

taapStr  (NINOS  tsap6it)<63tB>  Idividand  auat  ba  positive  for  logical  divide 

) Next 

(IF  abr<8>  •>  slgn<-(Bign4l)<8>; 

abrr  (NINOS  abr)<31i8>  Idivlaor  auat  ba  poaltlve 

) Naxt 

Q64i-  tsap64/abr  Naxt  lealculata  logical  quotient 

ovfchle:>(IFF  q6d<6i32>  THEN  arlthchk;  Mast  for  overflow 

Iquotlsnt  auat  be  poaltlve  32-bltB 

ELSE  Bogin 

taap32r  ((eap64  * (NOT  (qS4<32iS3>  a abr))  4 l)<31i8>  Next 

lealculata  raaaindar 

(DECODE  sign  •>  leonvsrt  quotient  and  raaaindar  to  the 

NS.pos  Begin  dpproprldte  Iraault  Is  poaltlve 

rsg(Bst8rl]«.taBp32; 
rsg(sstf(rl  OR  I>l4q64<32<63> 
and; 

M.nsg  Begin  Iraault  la  nagativa 
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rig(iaiarll»  (tllNUS  1aap32)<31i8>i 
ragiaatKrl  OR  l))»(niNUS  g8*<32i63>><31il> 
and 

) 'and  DECODE 

End  !ov4l  ELSE 

land  ovichk 
End  'ELSE 

land  Iff 
Idinat 


DRiaBsgin  Idivida  ragletar 

rrtoraat  Next 

Ian  avan/odd  ragialar  pair  la  raquirad 

(IF  rl<3>  s>  nop)  Naxt  larror  rl  lauat  ba  EVEN — garbaga  raauMs 

f ixad.  < loat<-0  Naxt  Kixad  pi  arilhaalle  oparalian 

Klxad. float  la  a paraaatar  paaaad  to  tha  arlthcM  reutina  (If  an 
(Iff  (rag(aetsr2)  EQL  6)  THEN  arithchkiarithnietTC  leannot  divida  by  taro 
ELSE  Bogin 

tomp6A>-rag(xatSrl)  d ragisatslrl  OR  1))  Naxt  !6*-bi1  dividandt  Beat  algnlfleant  bite  In  even  rag 
signi-6  Naxt  linitlallza  aign  of  guotiant 

Idataraina  aign  of  quetlant  and  ferea  eparanda  to  ba  paattiv 

(IF  toiip64<0>  •>  s ign>-(a lgn'»l)<0>; 

tanpSt*-  (IIIHUS  tanp68><S3<B>  Idlvldand  auat  ba  paaltlva  for  legteal  dlvIda 

) Naxt 

div32>-rag(sat8r2)  Naxt  Itha  32-bit  diviaer 

(IF  div32<0>  •>  a igni-(a ign*l)<0>| 

div32>-  (HINUS  div32)<31i6>  Idlvlaer  auat  ba  paaltl>M 

) Naxt 

QE4<-  taBpE4/div32  Naxt  lealculata  logical  quotient 

ovf IchICadFF  q66<8:32>  THEN  arithchk;  Meat  lor  ovarflow 

Iquotlant  nuat  ba  pea  I five  32-blta 

ELSE  Bag  in 

tanp32*-  (tanpBi  * (NOT  (q6t<32i63>  a dlv32))  ♦ l)<31it>  Naxt 

lealculata  raaalndar 

(DECODE  sign  •>  . Iconvart  quotiant  and  raaeinder  to  tha 

SB.poa  Begin  appropriate  Iraault  la  pealtivo 

ragIsat9rl]«-toBp32t 
reglxal8(rl  OR  I))»q6t<32t63> 
and; 

M.nag  Begin  Iraault  la  nagativa 

rag(aatarll«-  (HINUS  taBp32><31i0>; 
rag(aatg(rl  OR  DlalHlNUS  q6«<32>S3>><31il> 
and 

> land  DECODE 

End  lovfi  ELSE 

) land  ovflehk 

End  lELSE 

) land  IFF 

End;  Idr 
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leRflNCH  IHSTBUCTiai^S 

TIi.BEGIK  'TEST  innEDlRTE 

RI2FOBNflT  NEXT 

CCOP-RECISETlRU  AND  RICPHD  MEXT 
fCElXEO 
EHOi  ITI 

THIi.BEClN  'TEST  HRLEMORO  inHEH 

RIlFOR'inT  NEXT 

CCOP^HtCISETuRlIBNO  RIOPNO  NEXT 
CCriXEO 
END;  !TH1 

BPCi.BECiN  'BRANCH  ON  ERISE  COND 

, RXFaRtIRT  NEXT 

t (IF  (CC  RND  Rl)  EQL  8 •> 

t LOCKER  RND  "FFFFE 

> inUST  BE  ON  HRLFHDRD  BOUNDRRV 

CNO;  'BFC 

BFCR:«BEGIN  'BRANCH  ON  FALSE  REC 

RRFORHRT  NEXT 
(IF  (CC  RND  Rl)  EQL  8 •> 

LaC>(REGISETuR2)  RND  "FFFFFFFE)  <19ie> 

) IHRLFUnflD  BOUNORRY 

ENDi  I 

BFBStiBECIN  'BRANCH  FALSE  BRCFHRROS  SHORT 

8FFORHRT  NEXT 
(IF  (CC  RHO  Rl)  EQL  8 «> 

LOC»(LOC  - ((N98)+7))  <19:8> 

> 'BRANCH  N HRLFHQRD5  BACFURRDS 

END;  'BFBS 

BFFSi.BEClN  'BRANCH  FALSE  FORNARQ  SHORT 

SFFORHRT  NEXT 

(IF  (CC  AND  Rl)  EOL  8 =>  'NONE  OF  THE  CONDITIONS  TRUE 

LOC^(LOC«( (N«8)  - 2))<19:8> 

> BRANCH  N HRlFHORDS  FOAMRRDS 

END;  'BFFS 

BTC: -BEGIN  'BRANCH  ON  TRUE  COND) 

RXFORHAT  NEXT 
(If  (CC  AND  Rl)  NEQ  8 » 

LOC^EP  ANQ  "FFFFE  ' IF  ANY  COHO  TRUE  ->  BRANCH 

) 'END  IF  'MUST  BE  ON  HRLFHORO  BNDRY 

END;  IBTC 


BTCR: -BEGIN  'BRANCH  UN  TRUE  CONO  REG 
RRCORtlAT  NEXT 
(IF  (CC  RND  Rl)  NEQ  8 -> 

L3C  ►(RECI3ET9R21  RNf)  "FFFFFFFE)<lSie> 
) 'miST  BE  ON  HRIFUQRG  3N0RY 

END;  !8TCR 

BT8S:-BECjN  'BRANCH  ON  TRUE  BRCKURRS  SHORT 
SFFORHRT  next 
(IF  (CC  ANO  Rl)  NEQ  8 -» 

LOC-(LOC  - ((N88)«2))  <19: 8* 

) 'BRANCH  H HRLFUOROS  BRCFHRR05 

END;  'BTPS 

BTFSi-BEGIN  'BRANCH  TRUE  FURURRD  SHORT 
SFFORMAT  NEXT 
(IF  (CC  ANO  Rl)  NEQ  8 -> 

L0C-(L0C4((N«8)  - 2))<:9:e> 

■)  'BRANCH  N HRLFMOHOS  fORHRRijS 

END,  'BTFS 


BF'Li-  Bm  Ii  'br4r:tN  1 tnX 

>>i>far«Mt  NmI 

M9l(«IR^11  * Inc  NtMl  '■■v*  addrati  oT  naxt  Inalrucllon 
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loc  ««  RNU  Uddraii  nuit  bt  on  hoMuord  bndru 

END;  'BRL 


f 


BRlR:»BBgin  ibrancb  and  link  radiator 

rr4oi'ma»  Naxt 

ragUaierll*  loc  NoKt  'sava  currant  loc  (naxt  Initr  addr> 
loc  ► (reg(aatsr21  RNR  "tUftfta  )<l9:fl>  Ibrancb 

laddresa  nuat  ba  on  haHuord  bndru 

ENUi  'BRLR 


BXLEisBagin  (branch  on  indox  lox  or  aqual 

rxtornat  Next 

reg(seierll4-  (raglsatSrll  + rag(aats(  (rl«l)<3;8>))  )<31i(>  Naxt 
(if  ragtsateri)  leg  rag  Isaiet lrl*Z)*3ti>))  «> 

loc>-aa  RND  "fiffa  ) luarning:  branch  addr  auat  ba  on 
! ha  I fHord  bndrg 

and;  IBXLE 


8XH:sBagin  'branch  on  Index  high 

rxforaat  Naxt 

reglsatgrll*-  (ragtaatsri)  + reglsatsf  (rl+l)<3t0>))  )<3iiB>  Naxt 
(i(  raglsaterll  gtr  rag Isetat (rl+2><3i 6>)1  *> 
locrea  AND  "(fffo  ) 

(warning:  branch  addr  nuat  ba  on  halfword  bndry 
and;  'bxh 


I 
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•CIRCULRR  LIST  INSTRUCTIONS 

nTL:BB«9tn  t 

rxfomat  Naxt  ! 

Marcia;  nbylaict  Naxt  ! 

neMrd  Naxt  ! 

Maxl8cMbr<8: 15>  Naxt  I 

I 

(IFF  (naxiS  LEO  Mbr<16:31>>  THEN 
ELSE  Bagin 

Marc  (aa  * 2><19:8>;  Mbrc  Mbr<16: 

I 

MaMHt  Naxt  ! 

Marc  (aa  * 4)<19:8>  Naxt  ! 

Meard  Next  * 

(IFF  (nbr  EQL  8)  THEN  Mbrc»axI6; 

I 

ELSE  MbrcHbr  - 1 ) Naxt 

! 

Heaut  Naxt  I 

marc(aa  c 8 (nbr  tSL8  2))<19i6> 


END; 


mbrc  raglsatSrll  Naxt 

HenMt  Naxt 

cecB 

End  lalxa 
) lend  IFF 

latl 


add  to  top  o<  1 1st 
gat  addraai  of  list  haadr 
prepare  to  fetch  1 1st  haadr 
raad  first  word  of  list  haadr 

first  halfMord  contains  ths  nax.  no.  of  slots  In  list 

2nd  halfHord  contains  ths  no.  of  slots  used 

ccc*; 

list  full  «>  ovarf loM 

31>  * 1 ; nbytsBc2  Next 
Increnant  the  no.  of  slots  usad 
and  update  I ist  haadr 

prepare  to  read  another  halfword  of  the  list  haadr 
get  slot  no.  of  currant  list  top 
Imax.  no.  of  slots  in  list 
I Ist  “wrap-around" 

nbr  now  contains  slot  no.  of  currant  list  top 
update  ptr  to  current  top  of  list  in  haadr 
Next 

nar  contains  ths  addraee  of  the  currant  top  of  ths  list 

the  data  to  be  added  to  list 

add  element  to  list 

list  updatad  succaesfullg 


RBLtxBagin 

rxfornat  Next 
marcea;  nbgtasci  Next 
Heard  Next 
naxl6cnbr<6; 15>  Next 


END; 


!add  to  bottom  of  I ist 
!get  addreee  of  list  haadr 
Iprspare  to  fetch  I Ist  headr 
Irsad  first  word  of  list  haadr 

Hirst  halfword  contains  the  nax.  no.  of  slots  In  list 
!2nd  halfword  contains  the  no.  of  slots  used 
(IFF  (naxl8  LED  nbr<16:31>)  THEN  ccc4; 

Hist  full  e>  ovarf  low 

ELSE  Begin 

marc  (aa  c 2><19:8>;  mbrc  abr<16:31>  c 1 ; nby(ssc2  Next 

! Increment  the  no.  of  slots  used 
manwt  Naxt  land  update  list  headr 

marc  (aa  c 6><19:8>  Next  (prepare  to  read  another  halfword  of  tha  list  haadr 

menrd  Next  (get  slot  no.  of  next  list  bottom 

tenplScnbr<16:31>  Next  Isava  slot  no.  of  naxt  list  bottoM 

marcfea  c 8 c (nbr  tSLB  2>)<19:Bx  Next 

Imar  contains  ths  address  of  tha  naxt  botton  of  tha  list 
mbrcreg  (setSrll ; nbytasct  Next  Hhe  data  to  be  added  to  list 
Heawt  Next  (add  elenent  to  list 

tenplSc  (temple  * 1)<15:8>  Next  (update  slot  no.  of  naxt  botton  of  list 
(IF  tanpie  CTR  naxl6  a>  tanplScB)  Next 

Hast  (or  list  "wrap-around" 

mbrctanpl6; 

narc(aa  * 6)<19ie>;  nbytasc2  Naxt  (prepare  to  update  list  haadr 

manwt  Next  (update  slot  no.  of  naxt  list  botton 

cccS  Hist  updatad  successfully 

End  (else 
) 'and  IFF 

(abl 


RTLi aBog in 

rxfornat  Naxt 
marcaa;  nbytasc*  Next 
Heard  Next 
maxl6cnbr<B: 15>  Naxt 
(IFF  (nbr<16:31>  EQL  B>  THEN  ccc*; 
EL!!E  Begin 

nbrcnbr<18i31>  - 1;  nbytasc2  ; 
narc(sa  * 2><19i6>  Naxt 
Hanwt  Naxt 

(IFF  nbr  THEN  ccc2;  ELSE  cccB>  Naxt 
aiarc(sa  * 4><19i6>  Naxt 
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(rasova  from  top  of  I Ist 

(prapara  to  road  list  haadr 
(read  1st  word  of  list  haadr 

(1st  halfword  is  ths  nax.  no.  of  slots  In  the  list 
Hast  for  underflow  (is.  list  anpty) 

IdacrsBsnt  no.  of  slots  usad 

lupdata  pert  of  I Ist  haadr 
(will  I let  be  anpty  sat  cc 
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ttieiurfl  Nexl 

tempiG-»br<16;3l>  Next 

niAr-(aA  « ft  ♦ ( (''0etaiipl6>  tSLB  Z)><19:B>} 

rbytQ6'><^  Next 

Manrd  Next 

rcg  [set9rl]  *-iAbr  Naxt 

t Ampl6«- ( <enpl6  * 1)<1S:0>  Next 

UF  templG  GTR  maxlG  o teiipl6«-8>NeKt 

mbr>-i«itpl6;  nb^taB*>2;  iajir«>  (aa  ♦ 4)<19:8>  Naxi 

naawt 

End  lELSE 
) land  IFF 

irt  ! 


Match  Blot  no.  of  currant  lop  of  list 
Icurrant  top  of  Mat  slot  no. 

tcalculata  addraaa  of  alot  at  top  of  list 

iraoova  data  froo  alot 

! Incraaant  alot  no.  of  currant  top  of  Mot 
Moat  for  Mat  "Hrap-around" 

lupdala  currant  top  of  Mat  In  Mat  hoadr 


R6L : sBeq  I 


rxforaat  Next 

mar*-ea;  nbyteB«-4  Next 

hoard  Naxt 

maxl6»-nibr<0: 15>  Noxt 

(IFF  (wbr<16:31>  EU  8)  T.StN  cc-4; 

ELSE  Cogin 
mbr»-»bi'<  16:  31>  - 1; 
marolea  4 2)<19:G>;  nbgteB«'2  Naxt 
flewk^t  Next 

(IFF  mbr  NEQ  0 THEN  cc».2;  ELSE  cc-O) 
mar«>  (ea46)  <19:  8>  Noxt 
heard  Next 

(IFF  abr  HEQ  8 THEN  abr^  abr<16:31>  • 
ELSE  abr»-aaxl6 

) Next 

floawt  Next 

mer*-(aa«84  (mbr  tSLB  2)><19:8>; 
nbytes«-4  Next 
meard  Next 
rflg(8at8rl)«-Bibr 

End  lELSE 
) land  IFF 

!rb  I 


Iraaovt  from  bottoa  of  Mat 

iprapara  to  raad  list  haadr 
Iraad  la t word  of  1 1st  haadr 

list  halfMord  of  haadr  containa  tha  oax  no.  of  alota  in  tho  list 
MtBt  for  undtrfloM  (la.  Mat  a^)1y) 


Idacraoant  tha  no.  of  slots  uaad 

Naxt  !sat  cc  according  to  nax  Mat  statua  <aO|ity  va  non-aopt( 

Match  slot  no.  of  naxt  bsttoo  of  t tat 

• 1;  lupdata  naxt  bottoo  of  Mat 

icheci:  for  list  "wrap-around" 

lupdata  Mat  haadr  next  bottoa 

Icalculata  tha  addraaa  of  tha  alt.  at  tha  bofto*  of  lha  flat 

Iraaova  all  froa  bottoa  of  Mat 
Ittora  1 1st  al t In  rag 
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fPRIVJLEOGEO  INSTRUCTIONS 

LPSU:>BECiN  ! lo*d  ppogt'«a  itatui  Hord 

(IFF  P THEN  lUINST  ) (PROTECT  HODE  OH 
ELSE  BEGIN 

RXFORNBT  NEXT  'COHPLETE  INSTR  FETCH  RKD  CRLCULRTE  Efl 
(IF  Efl<i7il9>  NEQ  e»  inUST  BE  ON  DOUBLE  WORD  BNDRT 
Efl<17il9>^0  ) NEXT  (FORCE  IT 

nORpER  NEXT 

TEHP6A<e:31>»UHEHIITntlRI  NEXT 
nRRp(HRR44)<19ie>  NEXT 
TEnP6i<<32:63>^UHEntHI1flR]  NEXT 
psnpTehpfa  next 
! PSU-UHEtl  (Efll  tUHEII  lER^Bl 

QSCHK  (CHECK  0 SERVICE 
END  I ELSE 
) ! IFF  ENO 
ENO  : (LPSU 


EPSRisBECiN  (axchangi  prograa  statua  ragiatar 

(IFF  P THEN  ILLINST  • (PROTECT  NODE  ON 

ELSE  BEGIN  IXOT 

rrToriaat  NEXT 
REG(SET«Rll4PSU<at3I>  NEXT 
PSU<8i31>  - REC(SET«R2}  NEXT 
OSCHK 

ENO  (XQT 
) I IFF  ENO 

ENO  ; (EPSR 


SVCsbBECIN  (ai'  "viaor  call 

RXFORHBT  NEXT  ( 

OLDPSM^  PSM  NEXT  (SRVE  CURRENT  PSH 

f1RR~"98  NEXT  (RUOR  OF  NEH  STATUS 
PSU<e;3I><-unEniUt1RRI  NEXT  ! NEU  STRTUS 

HARp  ((’8«R1>  tSL8  1)  * "SC  NEXT  (RODR  OF  NEM  LDC 
LOCpHHEHIHHRRI  next  ! NEU  LOC 

REGISETc'DIpER  ; (PRSS  PRRRNETER 

REGISETc''E)pOLOPSU<8>31>  t (PASS  OLD  PSU 

PEC (SETc‘F] pOLDPSH<33i63> 

END  ; I SVC 


LPSUR:a6EGIN  'load  program  atatua  Hard  rag  { 

(IFF  P THEN  ILLjNST  ; I PROTECT  RODE 

ELSE  BEGIN  (XQT  i 

PSU  r REG(SET8R2)aRECiSETt((R2«l)<3i8>)l  NEXT  i 

QSCHK  (CHK  QSERVICE 

END  (ELSE  ! 

) (IFF  END 

ENO  I ( LPSUA  ^ 

I 
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lUNINPLEtlENTEO  INSTRUCTIONS 


DHR: sBeg In 

ri' format 


sBsg  in 

rr  torma  t 
I ler 

sBeg  in 

rrtormal 
• car 

sBeg  in 

rrtormat 
I aer 

=Beg  in 

rrtormat 
! sen 

sBag  in 

rrtormat 

Inter 

=Beg  in 

rrtormat 

Ider 

=Beg  in 

rrtormat 
! Ixr 

=Beg  in 

rrtormat 
> t Ir 


EXHHisBegin 

rrtormat 
End;  lexhr 

OH: nBag in 

rxtormat 
End;  idh 

STE: sBeg  in 

rxtormat 
End;  Ista 

LErsBagin 

rxtormat 
End;  I le 

CE:=Begin 

rxtormat 
End;  Ice 

REtsBegin 

rxtormat 
End;  lae 

SE: sBegin 

rxtormat 
End;  Ise 

HE: =Beg  in 

rxtormat 
End;  Inw 

DEz^Bagln 

rxtormat 
End;  Ida 
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STflE 

:aBagin 

rKtoriaat 

End; 

latM 

LHE; 

■Bag  in 

rxforMt 

End; 

1 IlM 

CRC12:>Begin 

rxiomat 

End; 

!crcl2 

CRClGiabagin 

rxfarnat 

End; 

IcrclS 

UBR: 

■Bag  in 

rrlorita; 

End; 

!ubr 

RBR: 

■Begin 

rrloriaat 

End; 

!rbr 

UHR: 

■Begin 

rrioriaa; 

End; 

!nhr 

RHR: 

■Begin 

rriornat 

End; 

!rhr 

UOR: 

■Begin 

rrforiaat 

End; 

iHdr 

RDR: 

■Begin 

rriorieat 

End; 

•rdr 

SSR: 

■Begin 

rriorieet 

End; 

isir 

OCR: 

■Begin 

prforieet 

End; 

•ocr 

RL:a 

Begin 

rxfornat 

End; 

!al 

UB:- 

Begin 

rxTomat 

End; 

!ub 

RB:« 

Begin 

rxforieat 

End; 

• rb 

UH:a 

Begin 

rxfornat 

End; 

•uh 

RH:> 

Begin 

rxforieat 

End; 

!rh 

UD:a 

Begin 

rxlorieat 

End; 

lud 

RDi>B«gtn 


[ 

[ 
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rxioriMt 
End;  Ird 

SS: nBagin 

rxfornat 
End;  'ss 

OC: =Bag  in 

rxfornat 
End;  loc 

SINT: sBeg in 

r i i iornat 
End;  isint 

SCP: =BBg in 

rxformt 
End;  Iscp 


LDR:=Begin 

rr  4orii«l 
End;  ! Idr 

CDR: aBeg in 

rr<or»at 
End;  !cdr 


R0R:-..BBgin 

rrformt 
End;  !adr 


SDR: sbsg in 

rrTomat 
End;  !sdr 


fIDR:  =Bag  in 

rrforiiat 
End;  !nidr 


DDR: ebag  in 

rr lornat 
End;  !ddr 


FXDR: =Beg  i n 

rrTor»at 

End;  I fxdr 

FLDR: sBag  in 

rrTormat 

End;  Ifidr 

LRR: sBag in 

rxfomat 

End; 

STD: absgin 

rxfornal 

End; 

LD: sBeg  in 

rxToritat 

End; 

cd; aBeg  in 

nxforiiat 

and; 

ad:abegin 

rxToraat 

and; 


i 
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Dcfornat 


•nd; 


mdiabagin 

rMforaal 

and; 

dd:Bba9ln 

rxferaat 

and; 

stndiabagin 

rxforaal 

and; 

liadiabagin 

rxioraat 

and; 
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I 


lEnULHTION  ROUTINES 


! 

IFETCH  t^BECIN  !RERD  1ST  HRLFHDRD  OF  INSTRUCTION 
nflR-  LQC; 

NBVTES  - 2t  !NO.  OF  BYTES  TO  BE  HERD 
INSTR  - 1 NEKT  {THIS  NENORV  ACCESS  IS  DURING  IFETCH 
HENRO  NEXT  IRERD  NBVTES  FROM  NERORV 
IR<8slS>  » nBR<16i31>  NEXT  (LORD  INSTRUCTION  REGISTER 
CCQP-e  IINITIRLIZE  THE  COND.  CODE  PRRRNETER 

ENO(  I IFETCH 


IXQT  1-  BEGIN  (DECODE  OPCODE  RNO  HANDLE  INSTRUCTION 

(DECODE  OP  ■> 

\ee  ILLINST; 

\ei  BRLRi 

\02  BTCR; 

\e3  BFCR; 

\e4  NR; 

S05  CLR; 

\06  ORinit; 

\07  XR; 

\08  LR; 

\09  CR; 

\0fl  RR; 

N0B  SR; 

\0C  HHR; 

\8D  DHR; 

\0E  ILLINST; 

\0F  ILLINST; 


\10  SRLS; 

\11  SLLS; 

\12  CHVR; 

M3  ILLINST; 

M4  ILLINST; 

MS  ILLINST; 

M6  ILLINST; 

M7  ILLINST; 

M8  LPSUR; 

M9  ILLINST; 

MR  ILLINST; 

MB  ILLINST; 

MC  HR; 

MO  OR; 

ME  ILLINST; 

\^.F  ILLINST; 


\20  BTBS; 

\21  BTFS; 

\22  BFBS; 

\23  BFFS; 

\24  LIS; 

\25  LCS; 

\26  RIS; 

\27  SIS; 

\28  lar; 

\29  car; 

\2R  aar; 

\2B  aar; 

\2C  nar; 

\20  dar; 

S2E  fxr; 

\2F  <(r; 


\30  ILLINST; 
\31  ILLINST; 
\32  ILLINST; 
\33  ILLINST; 
S34  EXHR; 


i 


\ 

1 

1 

1 
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\3S 

ILLINST; 

\36 

ILLINST) 

\37 

ILLINSTi 

\38 

Idrt 

\39 

cdr; 

\3« 

adr{ 

V3b 

idr; 

\3e 

Mdr; 

\3d 

ddr; 

\3« 

fxdr  j 

\3I 

f Idr  1 

v*e 

STH; 

\41 

BRL; 

\*2 

BTC| 

\*3 

BFC( 

\44 

NH; 

\45 

CLH| 

\46 

OH; 

\47 

XH; 

\48 

LH; 

\49 

CM; 

\4R 

RH; 

\4B 

SH; 

N4C 

HH; 

\4D 

OH; 

\4E 

ILLINST; 

\4F 

ILLINST; 

\se 

ST; 

\51 

RH; 

\52 

ILLINST; 

\53 

ILLINST; 

\54 

NInit; 

\55 

CL; 

\56 

0; 

VS7 

X; 

\58 

Linit; 

\59 

C inat; 

\5fl 

Rinat; 

\5B 

Sj 

NSC 

ninal; 

NSD 

Dinat; 

NSE 

crcl2; 

N5F 

crclB; 

see 

ala; 

\61 

aha; 

\62 

ILLINST; 

\63 

Ira; 

N64 

RTL; 

\6S 

RBL; 

N66 

RTL; 

\67 

RBL; 

\68 

••1 

N69 

ca; 

NBR 

••t 

\6B 

NBC 

aa; 

N6D 

da; 

N6E 

ILLINST; 

N6F 

ILLINST; 

\70 

\71 

\72 

\73 

\74 

\75 

\76 


>td| 

ttM| 


Iim; 

LHL; 

TBT, 

SBT; 

RBT| 
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( 

r 


\77 

CBT, 

\78 

Id; 

\79 

cd; 

\7» 

ad; 

\7b 

sd; 

S7c 

nd; 

\7d 

dd; 

■ tied; 

\7« 

\7f 

Imd; 

S88 

ILLINST; 

\81 

lUINST; 

\82 

ILLINST; 

\83 

ILLINST; 

\84 

ILLINST; 

\85 

ILLINST; 

\86 

ILLINST; 

V87 

ILLINST; 

N88 

ILLINST; 

\89 

ILLINST; 

\8R 

ILLINST; 

ILLINST; 

\86 

\8C 

ILLINST; 

\8D 

ILLINST; 

vae 

ILLINST; 

\8F 

ILLINST; 

\90 

SRHLS; 

S91 

SLHLS; 

\9Z 

STBR; 

\93 

LBR; 

\94 

EXBR; 

S95 

EPSH; 

\96 

Hbr; 

\97 

rbr; 

\98 

Mhr; 

\99 

rbr; 

\9fl 

Hdr; 

\9B 

rdr; 

\9C 

ILLINST; 

\9D 

sir; 

\9E 

ocr; 

ILLINST; 

\9F 

\fl8 

ILLINST; 

ILLINST; 

Sfil 

\fl2 

ILLINST; 

\fl3 

ILLINST; 

\n4 

ILLINST; 

\fl5 

ILLINST; 

\R6 

ILLINST; 

\R7 

ILLINST; 

\R8 

ILLINST; 

SR9 

ILLINST; 

\Hfl 

ILLINST; 

\R6 

ILLINST; 

\RC 

ILLINST; 

VRD 

ILLINST; 

\flE 

ILLINST; 

\flF 

ILLINST; 

see 

ILLINST; 

NBl 

ILLINST; 

\B2 

ILLINST; 

\B3 

ILLINST; 

\B4 

ILLINST; 

\B5 

ILLINST; 

\B6 

ILLINST; 

\B7 

ILLINST; 

\B8 

ILLINST; 
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\B9 

ILLINST; 

\Bfl 

ILLINST; 

\8B 

ILLINST; 

NBC 

ILLINST; 

NBQ 

ILLINST; 

NBE 

ILLINST; 

NBF 

ILLINST; 

\C0 

BXH; 

NCI 

BXLE; 

NC2 

LPSU; 

NC3 

THI; 

NC4 

NHI; 

NC5 

CLHI; 

NC6 

OHI; 

NC7 

XHl; 

NC8 

LHI; 

NC9 

CHI; 

NCfi 

RHI; 

NCB 

SHI; 

NCC 

SRHL; 

NCD 

SLHL; 

NCE 

SRHR; 

NCF 

SLHR; 

ND0 

STN; 

NDl 

Ltl; 

N02 

STB; 

N03 

LB; 

ND4 

CLB; 

NOB 

»•! 

NOB 

Mb; 

ND7 

rb; 

N08 

Hh; 

ND9 

rh; 

NOR 

Hd; 

NOB 

Pd; 

NOC 

ILLINST; 

NOD 

•*; 

NOE 

oc; 

NOF 

ILLINST; 

NE8 

TS; 

NEl 

SVC; 

NE2 

lint; 

NE3 

»cp; 

NE4 

ILLINST; 

NES 

ILLINST; 

NE6 

LR; 

NE7 

TLRTE; 

NE8 

ILLINST; 

NE9 

ILLINST; 

NER 

RRL; 

NEB 

PLL; 

NEC 

SNL; 

NEO 

SLL; 

NEE 

SRR; 

NEF 

SLR; 

NF0 

ILLINST; 

NFl 

ILLINST; 

NF2 

ILLINST; 

NF3 

TI; 

NF4 

NI; 

NFS 

CLI; 

NF6 

Oil 

NF7 

XI; 

NF8 

LI; 

NF9 

CI| 

NFR 

fli, 
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VFB  SI; 

NFC  lUlNST; 

NFO  ILLINST; 

NFE  ILLINST; 

NFF  ILLINST 

> land  opeoda  dacoda 

END;  MXQT 


INTCHKt. BEGIN  ! INTERRUPT  CHECKIN 

(IF  intvac  «> 

(DECODE  ii  » 

N06  bai lout  aaulata; 

\61  Begin 

(IFF  eat  CEO  3 THEN  Ion-2| 
ELSE  loM»(iat  - i)<2i6> 

> Naxt 

(IF  sat  EQL  8 ■>  Ion»8> 

End; 

MS  Ioh«-3; 

Ml  loMcaat 
) Neat  land  DECODE 


! INTERRUPT  CHECKING  RND  HANDLING 

lara  thara  any  pending  l/o  Intarrupta 
iMhat  la  the  preeattor’a  Interrupt  atatua 
ala;  laM  Intarrupta  are  diaablad 


llevala  higher  than  the  currant  rag.  aat  ara  anablad 
!al  I lavela  anablad 

llevala  equal  to  or  higher  than  the  currant  rag.  aat  ara  anablad 


I Ion  (4-blt  tanp>  la  the  lOHoat  interrupt  level  analbad 
intlav<-8;  taapt*-!  Neat  Mata  check  for  a laval  8 Interrupt 

gatilavi«(IF  (intlav  LED  Ion)  PNO  (taapt  NED  8)  •>  lie  Intlav  an  anablad  Interrupt 

(IFF  (tanp4  RND  intvac)  THEN  ( intvao-intvac  XOR  tanp4  Next  lolnt); 

111  thara  an  Intarrupt  pending  of  laval  intvac? 

Ill  ao,  clear  the  Intarrupt  and  procaae  It 

ELSE  Begin 

taap4<-(tanp4  TSL8  l)<3i8>| 
intlavi-( intlav  > l)<li8>  Next 
gat  I lav 
End  lELSE 
) land  IFF 

) land  gat  I lav 

> land  IF 

I Intehk 


ERRLCEO 
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NRIN  PROCRRK  FOLLOHSt 


EHULRTE  :>BEGIN  1ENULRT10N  CYCLE 
(IF  RUN  » 

(i(  NOT  M » 


IFETCH  NEXT 
IXQT  ) NEXT 

iMTrMif  ypuT 

EnULRTE  IFETCH  NEXT  INSTRUCTION 
land  If 


I is  tha  Half  bit  on  in  tha  pina 
lit  so,  Just  wait  for  ints 
IFETCH  1ST  HRLFHORO  OF  INSTRUCTION 
IDECODE  RND  EXECUTE  INSTRUCTION 
ICHECK  RND  HANDLE  INTERRUPTS 


END 

) 


lEHULRTE 

I END  INTERORTR 
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A 


pdpll  Is 
(OECLRHE 

IPlease  raporl  arroi'i  to  Oan  SitHiorat:,  CNU,  (412)-621-268l  m177 

!The  POP-11  ISP  haa  aavaral  taaluraa  to  aid  In  raading  and  data 
Igatharing.  Thasa  Includa: 

I 

'!.)  R word  naaorg  datinad  on  top  ot  a bgta  MBory.  Thua  bgta 
'accesaea  can  ba  saparatig  countad  Iroa  word  aceaaaaa. 

I 

!2.)  nil  manorg  accaailng  la  dona  through  tuo  routinai,  RERO  and  URITE 
Ion  paga  6-1.  Naaorg  aanagaaant  protactlon  la  anlorcad  bg  thaaa 
(rout Inaa. 

I 

13. )  nil  altactiva  addraia  calculation  la  dona  bg  tae  reutlnaa  eallad 
I SOURCE  (for  tha  aourca  operand)  and  DEST  (lor  tha  daat  Inal  Ian 
’operand).  Tha  rout Inaa  ara  daacribad  on  paga  7-1. 

I 

14. )  nil  paraaatara  ara  paaaad  to  procaduraa  In  tha  ragiatar  cal  lad 
1TEIIP. 

I 

!5.)  Instruction  imaaonlca  ara  uaad  aa  labela  for  tha  ISP  aaquanea 
Ithat  slraulataa  tha  inatruct ion’a  affacta.  Thia  providaa  aaag  raadar 
Irefaronco  as  us  1 1 as  a countar  for  statistics  gathering.  Purthsr, 
leach  mnaaonic  is  follousd  bg  its  value  in  the  currant  daceda 
Istateiiant  (eg  DIVM), 

I 

16.)  Savaral  tgpea  of  labals  uara  added  both  for  statistics  gathering 
land  for  control  over  tha  counters.  For  sxaBpIs,  It  uas  decided  that 
Iconditlon  coda  setting  uas  a coabinatorlal  action  and  that  a ragiatar 
I transfer  should  not  be  chargod.  Thua  labals  uara  added  to  condition 
Icodo  setting  routines  so  that  thag  could  ba  cpquad.  Tha  POP-11 
larch  I lecture  raprossntad  a good  auanpla  uhg  a siitula  tr  can  do  things 
I in  data  collection  that  hand  anaigsia  uould  find  difficult  If  not 
I impossible  to  do.  Tha  R count  of  POP-11  Instructions  uas  a function 
lof  the  addressing  node  used.  Thus  varlablas  uara  added  that  counted 
■the  nun'oar  of  tinws  source  pr  destination  addrsasing  node  zare 
I (register)  uas  used  ulth  each  instruction.  Bslou  Is  a Kag  to  tha 
Isignivicanca  of  tha  labals.  <lnstruct lon>  stands  for  tha  Instruction 
Inmenonic. 


i_iLaba  I _4\4  Jiaan  I ng_i 

< instruct  ion>MSP  to  sinulata  Instruction,  usad  to  count  the  nunbsr 
of  times  instruction  uas  axacutsd. 

I<instruct ionxNhult Ipla  Instructions  dsfinsd  bg  this  proesdura,  such 
as  nou  (nova)  and  ItOVB  (nova  bgta).  Individual  instruction  labals 
Internal  to  procedure. 

C< Ins truct ion>\Condi t ion  coda  setting  portion  of  Instruction 

cc<instruct lon>NCarrg  condition  coda 

cn< ins  true t ion>NNagat iva  condition  coda 

cz<inBtruct lon>N2ero  condition  code 

cv< ins truct ion>\oVarf lOH  condition  coda 

dclnstruct  lonjNdest inat Ion  address  node  ■ 8 (Register) 
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><in«truct  ion>\courc«  addraat  nod*  » 9 (Raqitttrl 
FolloHing  ii  a paga  by  pagi  detcripllon  of  tha  ISPt 


Page  2-1.  The  pritiary  nanory  and  aappingi  (nola  Mordi'byfe  MMory  and 
1/0  page),  ce.itral  procaiior  ragtateri,  and  the  floating  point 
procaiaor  atatua  ragiatar. 

Page  3-1.  The  POP-11/40  naaory  aanagaeant  rogiatara  and  error 

registara  that  alloM  an  inatruction  retry. 

Page  4-1.  Tenporary  ragiatara  not  aaan  by  prograoMr.  Thaaa 
ragietara  are  necasaary  to  coaptataly  define  tha  elgorlthoa  parforMd 
by  the  hardware  (such  aa  addraaa  calculation)  but  thaaa  ragistora  are 
not  part  of  tha  architactura. 

Page  S-1.  Inatruction  decoding  fornata. 

Page  6-1.  Start  of  tha  proeaduroa.  tlaaory  aeoaeiing  procaduraa. 

Page  7-1.  Effective  addraaa  calculating  procaduraa. 

Page  S-1.  Condition  coda  setting  procaduraa. 

Payee  9 through  IS.  Thaae  ara  tha  actual  Inatruction  definitions. 
Similar  instructions  ara  grouped  together  into  classaa  that  follOM 
tha  aavaral  levels  of  decoding  that  tha  harduars  ituBt  go  through. 
Since  procaduraa  nuat  bs  defined  before  uaa,  tha  decoding  laquanee  la 
In  rsvarea  order  from  that  ancountarad  in  the  ISP.  Ra  a guide  to  tha 
reader,  the  following  Is  a sunaary  of  tha  decoding  order.  Item  in 
<>  raprosant  Instruct  ions,  all  othara  ara  Juat  proeadura  naaoa  for 
further  decoding. 

.not  III) 

exec  (mam  decode  call  execute) 

resarop  (raaarvad  op  coda  class) 

<doubla  operand  instruct ions> 
axtop  laxtandad  instruction  sat) 

resarop 

branop  (branch  inatruct Iona) 
claaaop  (ascondary  dseoda  into  elaaaas) 

oxtop 

intaxt  (Integer  extended  instructions) 
fpaxt  (floating  point  Instruct  Iona) 

branop 

ragop  (ragiatar  oparatlona) 

<b.-aneh  Instruct  lons> 

ragop 

cpucon  (cpu  control  instructions) 
proeon  (pregrae  control  Inatruct Iona) 

c lasaop 

aubsat  (subrout Ina/eeulator  traps) 
singiow  (single  operand  Instruct  Iona) 

Bhtftop  (shift  Instruct  Iona) 
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(ptxt 

fppcon  (floating  polnl  prociiior  Mdt  control) 
fsingl  (I  looting  point  uniary  Instruct  Iona) 

<lloallng  point  doubts  opsranri  Instruct lens> 

fppcon 

fsrcon  (floating  status  ragistar  satting  instructions) 
<f looting  point  procassor  nods  control> 

Paga  16-1.  Tha  instruction  intsrprstat ion  cycis. 


It  should  bs  pointsd  out  that  in  tha  floating  point  procassor  tha 
precision  node  bit  (single  or  double)  daternines  uhether  the 
operation  is  perforned  uith  32  or  64  bits.  Thus  even  though  the  ISP 
reads  as  if  there  are  two  floating  point  instruction  sets,  tha  sane 
bit  pattern  is  interpreted  as  both  a single  precision  and  a double 
precision  instruction  as  a function  of  Ihs  precision  nods  bit. 


POP-11  ISP  DESCRIPTION  2-1 

nnCRO  BEGIN  f ( S 

nnCRO  END  I.  > $ 

Imp  itata 


■b (#167777:01  <7: 8>|  Mha  addraiaing  tpaca  (28K> 
itbio(#777777:#778ee01<7ie>|  >tha  I7o  pagt  UK) 

iih(#73777:81<1S:8>  :■  Bb(fl67777:81  <7:8>| 

I Mb  (#167777: 01  <7: 0>  :■  ■(#167777: 01  <7: 0>; 

mHio(#377777:#374080I<15;0>  :•  ■bio(#777777:#7780eei<7:0>| 

I Mbio(#777777:#77066Bl<7:8>  i-  ■ie(#777777:#7700001<7i0>| 


■arNsaaory . addr . rag<17 : 0>  I 
Haar\Mord.aar<17: 1> 

■brSiNaory.buM  .ray<15:0>; 

babrSby1a.abr<7:0> 


t«  ■ar<17:l>( 


babrSby1a.abr<7:0>  :■  ■br<7:0>i 

aha  IgnVaah.  instruct  Ion. ofUat.slyno  :■  ■br<5>; 
shvalNaah.  Instruct  Ion. o<taat.valus<4;0>  :■  ■br<4:0>| 

!pc  stata 


rSraglatar  (7:01 <15: 8> 
sp<15:0> 
pc<15t0> 


:«  ■Hlo(#3740e7t#37t8eei<15t0>| 

:•  r[61<15:8>t  ! stack  pointar 

:•  r(71<i5:8>{  ! progras  counter 


ps<lSt8>: 


progras  status  word 


CM\currant.iiods<lt0> 
pNpr ierlty<2i0> 
tStracao 


ps<lS:14>| 
i>  ps<7i5>| 
ps<4^; 


I currant  address  spaea  (karntl/ussr) 
I currant  proesss  priority 


ccScondii ian.codaa<3:0>  :■  pa<3:0>) 


nNnagat  Ivso 
zNzarco 
vVovart  Iomo 
cNcarryo 


la  cc<3>; 
la  CC<2>} 
la  cc<l>; 
la  cc<0>; 


a\act I VI <y<0: 1>; 

macro  run 
awero  Halt 
macro  halt 


la  (a  aql  6)S 
la  (a  aql  1)S 
la  (a  aql  2)S 


! floating  point  pracaasor  stats 


f ppsrSfpp. status. rag  Is tar<lGi8>t 


faro 

}■ 

fppsr<15>i 

'floating  point  error  flag 

f Ido 

tm 

fppBr<14>; 

Ifloating  interrupt  disable 

f iuvo 

] ■ 

fppsr<ll>) 

1 floating  interrupt  on 

lundafinad  varlabist  onabla  flag 

f iuo 

tv 

fppsr<10>} 

Ifloating  Interrupt  on  undarflON 

lanabis  flag 

f Ivo 

tv 

fppsr<9>t 

Ifloating  Interrupt  on  ovarfloN 

Unable  flag 
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♦ Ico 

I s 

<ppir<8>t 

! floating  Intorrupt  on  intogor 
lcon«/trilun  orror  onablo  flag 

fdo 

!« 

fppiP<7>; 

I floating  preciiion,  ona  inpllta 
Idoubla  praciilon,  ztro  alngfa 

f l<> 

s 

fppir<6>| 

I Intorgar  praciilon  for  Intargar 
Ito  floating  conuaralona.  Ona 
liiapliaa  doubla  praciilon,  zaro 

laingla. 

fto 

a 

fppir<S>t 

Mruncation  or  round  raauft. 
lOna  inpllas  truncation,  zaro 
Irounding. 

fnMK> 

S * 

fppir<4>| 

Imaintananca  aodi 

fno 

a 

tppir<3>( 

'floating  nagatlva  condition  coda 

Izo 

a 

fppBr<2>; 

! floating  zaro  condition  coda 

Ivo 

*a 

fppsr<l>; 

! floating  ovarllou  condition  coda 

fco 

a 

fppir<0>( 

'floating  carry  condition  coda 

1 


I 


d 

5 

] 

i 

\ 

j 


! 


( 
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>MMry  unugiMnt 
I 

parVpaga . addraai . rag  la lar (ISi f 1 <lSi4>  i ■ pm le {#377737 1 #3777231 <16i 3>| 

pdrSpaga.dtaer  Ipl  ion.raglatar (ISitl  <1S>3>  ••  ■pI*{#377717i#37773II  <15iI>| 

Macro  pa4\paga.addrtaa.4lold  la  11)33 

Macro  acf\accaaa.can<rol. f laid  )■  2>13 

Macro  tdXoKpani lon.diract Ion  )■  33 

Macro  MbllSurUtan.bll  )■  63 

iMcro  pMNpaga.  longth. field  )■  14i33 

sr8\ifa(ua.raglBtar.3<15t3>  )■  aMlo{#37737SI<lSi3>|' 

anrNabort.nonraBldant.flago  >■  ap3<lS>i 

aplaNabort.paga.  length.! lago  )■  •r3<14>| 

aroSabort. read. only. f lego  )■  er3<13>| 

aM\abert.Moda<lt3>  ■■  ar3<3iS>| 

apn\abert.paga.nunbar<2i3>  )■  tr3<3il>| 

eMiaSenable.MeMepy.nanagaaanto  )■  er3<3>| 

8r2\etatua.raglatar.2<15t3>  )■  nHle(#377377)<13t3>i 


I 


larror  flags  and  laaporary  rag  la  tan 

I 


boundary,  arroro; 
atacK. overt  loHo; 

1 1 legal. instruct ion<>| 

byopShyta.rsad.  t lagoj 

sbyopSaavs.araa.  tor.byopot 

src<i7!e>; 

dBt<Jl7>0>) 

taiip<17>e>( 

teMpjl<3:0>t 

macro  dcond  ta  IF  dntdd  EQL  #00 
macro  acond  ta  IF  anted  EQL  #00 
tamp2<32i0>i 
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I inatruct  Ion  forMt 

I 

IMnatruct  lon<lStS>i 

bopSb Inary. oporat Ien<2i0>  ■■  U14il2>) 

IrMnatruel  lon.ragiator<15t0>ial<lStO>i 

I sourea  addraaalny  Inloraatlon 

aSaourea.f lald<St6>  ■■  i<lli6>i 

BPStourca.iioda<l)6>  (■  ■<Si4>} 

adSaourea.dalarrado  ■■  b<3>; 

BrNaourca.raglatar<2t0>  ■■  B<2t8>i 

Macro  ar67  i>  (■r<2>l>  aql  f3)S 

I daatlnatlen  addraaalng  InlerMatlon 

dSdaat  Inat  Ion. < iald<5:8>  )■  I<5i6>) 

dM\daat Inal  Ion. aoda<l:8>  ■■  d<5t4>| 

ddSdaal  Inal  Ion. dalarrado  >■  d<3>; 

drSdaal Inal  Ion. ra9lBlar<2i0>  (■  d<2i8>| 

Macro  dr87  )■  (dr<2>l>  aql  #3)8 


uopSunary.oparal lon<2iB> 

i<8i6>| 

oMBat<7i0> 

Ir<7i8>| 

ropSragiatar.oparat ion<l:8> 

ia 

I<7!6>; 

jatopS  jsr.aMulator.  Irap.opo 

<15>; 

alopSaMulator.  Irap.opo 

tm 

i<8>| 

coneopScondlt Ion. coda. op<18i8> 

}■ 

l<15:5>; 

cpuopNepu.conlrol.op<2t8> 

tm 

I<2i8>( 

conlopScpu.conIro l.c laaB.op<2i8> 

i<S!3>| 

bropSbranch. op. coda<2: 8> 

tm 

I<18i8>; 

InlopNaMlondad. inlagar.op<2s8> 

I<lli9>i 

lypaopSelaaa.op.coda.bl1a<li8> 

:■ 

I<18i9>| 

tm 

I<11>) 

ccopVcondll  lon.coda.aacond.opo  <■  l<4>) 


I floaling  pelnl  Inalrucllon  dacodiny 

fbopM  loal  Iny, binary. aparal  lan<3<8>iB  I<11)8>| 
fuopM  loal  Ing. unary. aparal  Ian<li8>  la  I<7|6>| 
iMopNI loal Ing.Modo.aoll ing.opaltdaiB  I<li8>| 
fdaepM  loal  ing.daubla.alnglo.Moda.aall  Ing.opo 

la  l<4>| 
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i 

t 

[ 

I 

I 

i 


functional  daclaratloni 
! 

abort  :« 

BEGIN 

aa  ca;  apn  aar<15il3>  NEXT 

pc  #2SB 

END; 

raad  :• 

BEGIN 
(If  aaa  » 

(DECODE  ca  ■>  taapl  Bar<15il3>(  abort;  abort;  taapl  «■  (Mr<lSil3>«6)<3i6>)  NEXT 
aar  ( (par (taapll<pa<>  * aar<12i6>><lli6>)  t Bar<St6>  NEXT 
(If  not  pdrltaapl]<ac(>  ■>  abort;  anr  1)  NEXT 

(If  (nar<12t6>  gtr  pdrllaapl]<pl<>)  and  NOT  pdr(taBpll<ad>  » abort;  apla  «■  1)  NEXT 
(If  (l■ar<12l6>  laa  pdrllaapl]<pH>)  and  pdrltaatill<ad>  ■>  abart;  aplb  r 1) 

) NEXT 

(If  aar<15:i3>  EQL  #7  ■>  aar<17: 16><-«3)  NEXT  ! aap  Into  le  paga 
(DECODE  nar<17:13>  aql  #37  ■> 

\no  (DECODE  byop  ■>  abr  aalHaar);  abr  ablaarl); 

Nyea  (DECODE  byop  >>  abr  aalo (Maori;  abr  r abla(aarl) 

) 

END; 


BEGIN 
(If  aaa  n> 

(DECODE  ca  »>  taapl  •-  aar<15:13>i  abort;  abort;  taapl  ► (aar<lSil3>aB><3it>)  NEXT 
aar  ► ( (par (taapll<pat>  ♦ aar<12i6>)<lli6>)  t aar<5i6>  NEXT 
(If  pdri taapl! <ac<>  aql  6 ■>  abort;  anr  <■  1)  NEXT 

(If  pdr(taapll<ac<>  aql  1 •>  abort;  aro  ► 1)  NEXT 

(If  (aar<12:6>  ytr  pdr(taapl)<pl <>)  and  NOT  pdr (taapl! <ad>  ■>  abort;  apio  » 1!  NEXT 

(If  (aar<12!6>  laa  pdr(tanpl!<plt>!  and  pdr  (taapl!  <ad>  b>  abort;  apla  11  NEXT  | 

pdr(tanpl!<Mbit>  * 1 
> NEXT 

(If  nRR<15:13>  EOL  #7  ■>  aar<17)  16»f3>  NEXT  i 

(DECODE  nar<17)13>  aql  #37  ■> 

\no  (DECODE  byop  ■>  au  (Maori  r abr;  ab(aar!  babr>;  1 

Vyaa  (DECODE  byop  ■>  aalolMaar!  abr;  ablo(aar!  babr) 

) 

END;  ' 

buo.raaat  la  (pc  pc); 
nop  ta  (taap  taap); 
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!opiran(l  datarnlnat Ion 


Isourca  loada  tha  valua  of  tha  aeurea  oparand  Into  roglatar  are* 
Ideal  loada  lha  addraaa  of  lha  daatinallen  operand  Into  rafialor 
land  fatchaa  the  operand  to  the  akr. 


aourca  s= 


BEGIN 

(DECODE  an  » 

HSREGSe:o(src  •-  rlar)  NEXT 
(DECODE  ad  » 

\6  SREGsanop; 

\1  SRECOianop) 


nSINCMt.BEGIN 

(DECODE  ad  «> 


\8  (DECODE  byop  a> 

\B  SINCianopi 

M SINCBianop 

>1 

\1  SINC0:anop 

) NEXT 

mar  a rlarl  NEXT 

(DECODE  ar67  or  ad  a>  rlarl  a (r(Brl4(2-4iyop>><lSii>t  ritrl  a (r torNSlKlSitr)  NEXT 
raad  NEXT 
arc  a npr 

END) 

flSDECS2:aBECIN^ 

(DECODE  Id  a> 

\8  (DECODE  byop  a> 

\8  SDECsanop; 

\1  SDECBsanop 

>: 

M SOECDsanop 
> NEXT 

(DECODE  ar87  or  ad  a>  rlarl  a (rlarl  - (2'fiyep>)<lSit>i  rlarl  a (rlarl  -2)<lSi8>)  NEXT 

nar  a rlarl  NEXT 

read  NEXT 

arc  a nbr 

END; 

OSINO\3t«BEGIN 

(DECODE  ad  a> 

\B  SINOianop; 

M SlNDOtanop 
) NEXT 

»ar  a pe  NEXT 

pc  a (pe  4 2)<15ie>  NEXT 

raad  NEXT 

mar  a (mbr  4 rlarl)<l6t8>  NEXT 

raad  NEXT 

arc  a mbr 

END 

) NEXT 


(IF  ad  ■>  mar 
END; 


a are  NEXT  raad  NEXT  are  a mbr  1 


deal  -I 


BEGIN 
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(DECODE  d«  » 

Iqintral  ragittari  hava  addraaaaa  7777S0t777717 
RDREGSe>>(dat  •-  (#374M  t drift  NEXT 
(DECODE  dd  ■> 

\6  DRECssnop; 

M DRECOtanop) 

>1 

nDINCR\l>:>BEGIN 

(DECODE  dd  .> 

\0  (DECODE  byop  a> 

\8  DINCRssnep; 

M DINCRBi-nop 

>1 

M DINCRDtanop 
) NEXT 

dal  - rldr)  NEXT 

(DECODE  dp67  or  dd  ■>  rldrl  » (r ldrl'»(2-byop>><lSi6>|  rldr)  (r(drl‘f2><15it>> 

END; 

nDDECR\2»BEGIN 

(OECOOE  dd  •> 

\9  (DECODE  byop  ■> 

\8  DDECR:«nop; 

M DDECRBianop 

>I 

M D0ECR0:snop 

> NEXT 

(DECODE  dr67  or  dd  ■>  rldr)  » (r(dr)-(2-byop>><lStt>|  rldr)  ••  (r (dr)-2><lSte>>  NEXT 

dat  » rldr)  p 

END; 

RDIND\3!>BEG)N 

(DECODE  dd  » 

\6  DIN0:anop; 

\1  0IN0D:anop 

) NEXT 

•ar  p pc  NEXT 

pc  p (pc  ♦ 2><lSie>  NEXT 

raad  NEXT 

dat  p (Mbr  * r(dr))<lSi8> 

END 
) NEXT 

laar  p dat  NEXT 

(IF  dd  •>  abyop  - byop  NEXT  byop  p 8 NEXT  raad  NEXT  byop  - abyop;  dat  p iibr;  aar  p abr) 

END; 


r 
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i 

t 


I 


i 


{condition  codo  ■ottlng  and  branch  oparallona 


aatnccSaat.n.condi  t ion.codaia 

(DECODE  byop  ■>  n •-  toap<lS>|  n lopp<7>>( 

sotvccNaat.v.condl I Ion. coda:* 

(DECODE  bycp  ■>  v » (taMp<lSt6>  aql  flR(6BB>|  v (laBp<7tB>  oql  f2BB>  ); 
salzccNaat.z.condi t ion. coda:* 

(DECODE  byop  *>  z (taqp<lS:B>  aql  B>|  z (taap<7iB>  aql  B>  )| 
aignaMtand:* 

(DECODE  o(<aat<7>  *>  taap  oHaati  taap  #377  t o(<sa()| 


branch;* 

BEGIN 

signaKtand  NEXT 

pc  <-  (pc  * (taap  to  I B )><15t6> 
ENOi 


i 


1 
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subaatNtubraut  ini.«aul«tor.  trap. and.  trap,  inatruet  lonii*  I 

BEGIN 

DECODE  Jatap  •> 

I junp  to  aubroutlna.  Jar  op  coda  #88t 

JSRNB:*  BEGIN 

rteat  NEXT 

tanp  Mar  NEXT 

ap  (ap  - 2)<15!6>  NEXT 

laar  <-  ap;  Mbr  •-  rlar)  NEXT 

urita  NEXT 

riarl  •-  pc  NEXT 

pc  laap<lS>9> 

END; 

M BEGIN 

DECODE  l<8>  .> 

■ aaulator  trap  op  codaa,  op  coda  #114669x91(4377 
ENULSe: .BEGIN 

byop  6;  ap  (ap  - 2><lSt6>;  Mbr  * pa  NEXT 
MPita  NEXT 

ap  (sp  - 2)<L5t9>(  abr  pc  NEXT 

urita  NEXT 

mar  .■  #36  NEXT 

raad  NEXT 

pc  Mbr  NEXT 

mar  •-  #32  NEXT 

road  NEXT 

pa  «-  Mbr 

END; 

! trap  op  codoa,  op  coda  #184496t #164777 
TRAPS 1 I .BEGIN 

byop  6;  ap  ••  (ap  - 2)<15i8>;  abr  » pa  NEXT 
urita  NEXT 

ap  (ap  - 2)<15t8>;  abr  • pc  NEXT 
urita  NEXT 
aar  r #34  NEXT 
read  NEXT 

pc  *•  abr  NEXT  * 

mar  r #36  NEXT 
raad  NEXT 
pa  abr 
END 
END 

END; 

j 

a ing lopSe ing I a. operand. inatruet ionat . 

BEGIN 

DECODE  uop  .> 

! clear  and  claar  byte,  cir  op  coda  #6656,  cirb  op  coda  #1856 

ICLRSei.  BEGIN 

(DECODE  byop  .> 

( CLRi.nop  NEXT  (deond  ■>  (dclrt.nopl)); 

( CLRBx.nop  NEXT  (deond  ■>  (dcirbi.nop))) 

) NEXT 

cclrx.  (cc  r ’8iee>  NEXT 

daat  NEXT 
abr  ••  6 NEXT 
urita 
END; 


■ 
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I coaplaMnl  and  coaplaMnt  byla,  coa  op  coda  #8051,  coab  op  coda  #1851 
ICONMi.  BEGIN 

(DECODE  byop  ■> 

( C0N:Bnop  NEXT  (deond  » (dceBsanop>>)| 

( COHBtanop  NEXT  (deond  ■>  (deoab(anop>>> 

) NEXT 
daat  NEXT 
road  NEXT 

taap  •-  not  nbr  NEXT 
ccoaiB  (v<-8  NEXT 

c^l)  NEXT 
aatnee  NEXT 
satzcc  NEXT 
Mtor  taap<lSt8>  NEXT 
HP  I la 
END  I 

I IneraMnt  and  Ineraaant  byta,  ine  op  coda  #8052,  inch  op  coda  #1852 
IINC\2<>  BEGIN 

(DECODE  byop  ■> 

( INC:anop  NEXT  (deond  ■>  (dinc:anop>>>t 
( INCBianop  NEXT  (deond  ■>  (dinebianopD) 

) NEXT 
dost  NEXT 
raad  NEXT 

taap  abr  ♦ 1 NEXT 

aatvcc  NEXT 

satnce  NEXT 

satzcc  NEXT 

abr  - taap<15i8>  NEXT 

HP  I la 

EN0| 

I dacpaaant  and  daeraaanl  byta,  dac  op  coda  #8653,  dacb  op  coda  #1853 
I0EC\3f  BEGIN 

(DECODE  byop  •> 

( OECtaitop  NEXT  (deond  ■>  (ddac:anop>>>| 

( OECBianop  NEXT  (deond  (ddaebianop))) 

) NEXT 
dost  NEXT 
paad  NEXT 

taap  abp  - 1 NEXT 

satvee  NEXT 

aatnee  NEXT 

aatzee  NEXT 

abp  taap<15i8>  NEXT 

uptta 

END; 

I nagata  and  nagata  byta,  nag  op  eoda  #885d,  nagb  op  cods  #1854 
INECSdf  BEGIN 

(DECODE  byop  ■> 

( NEC:anop  NEXT  (deond  ■>  (dnagtanop)))! 

( NEGBisnop  NEXT  (deond  ■>  (dnogbisnop>>) 

) NEXT 
daat  NEXT 
paad  NEXT 

taap  ••  (not  abp)  * 1 NEXT 
aatvcc  NEXT 
aatnee  NEXT 
aatzee  NEXT 

cnago  (c  (taBp<15i8>  nag  8>>  NEXT 
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■br  <-  l•Mp<15l8>  NEXT 

ur  Ha 

END; 

! add  carry  and  add  carry  byta,  ade  op  coda  #8BSS,  adeb  op  coda  fiVSS 
inOCSS:>  BEGIN 

(DECODE  byop  o> 

( nOC:°nDp  NEXT  (dcond  ■>  (dadc:«nap>))| 

( RDCBsonop  NEXT  (dcond  ■>  (dodcbtanop))) 

) NEXT 
dost  NEXT 
read  NEXT 

tenp  •-  abr  * c NEXT 
cadc:s  (DECODE  byop 

\e  BEGIN 

V - («anp<lS:e>  aql  «I8eeeO>  and  c NEXT 
c r < (taap<lS>8>  aql  8)  and  e ) 

END; 

M BEGIN 

V r (tanp<7ie>  aql  #288)  and  c NEXT 
c ((tanp<7:6>  aql  8>  and  c ) 

END 
) NEXT 
setncc  NEXT 
satzcc  NEXT 
mbr  (ai«p<iS!8>  NEXT 
Hr  i te 
END; 

! subtract  and  subtract  carry  byta,  sbc  op  coda  #8856,  abcb  op  coda  #1856 
ISBC\6:a  BEGIN 

(DECODE  byop  a> 

( SBCtanop  NEXT  (dcond  b>  (dabcssnopH); 

( SBCBtonop  NEXT  (dcond  ■>  (dabcbonop))) 

) NEXT 
dost  NEXT 
read  NEXT 

tamp  •-  nbr  - c NEXT 
cEbc:B  (DECODE  byop  b> 

c ( (taMp<lS!8>  aql  #177777)  and  c ); 
c •-  ( (tanp<7i8>  aql  #377)  and  c > 

) NEXT 
setvcc  NEXT 
setncc  NEXT 
setzcc  NEXT 
mbr  •-  tsmp<lSi8>  NEXT 
ur  i ta 
END; 

! test  and  test  byte,  tst  op  code  #8657,  tstb  op  coda  #1857 
IT£ST\7i=BECIN 

(DECODE  byop  n> 

( TESTt«nop  NEXT  (dcond  ■>  (dtsti«nop>)); 

( TESTBtenop  NEXT  (dcond  ■>  (dtatbianop))) 

) NEXT 
dest  NEXT 
read  NEXT 
temp  •-  mbr  NEXT 
ctst:a  (v-e  NEXT 

crO)  NEXT 

setncc  NEXT  B-104 

setzcc 

END 


T 
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ENO( 

■hHtepNshMI.  Instruct  lonsia 
BECIN 

DECODE  uep  ■> 

I ratals  right  and  rslalc  right  bgts,  rsr  op  cods  4NM,  rsrfe  sp  csds  #lMt 
IRORNBi-  BECIN 

(DECODE  bgep  ■> 

( RORianop  NEXT  (dcond  ■>  (drsrianepM)| 

( RORBiansp  NEXT  (dcond  ■>  (drorbi«nop)>> 

> NEXT 
dost  NEXT 
road  NEXT 
lasp  r sbr  NEXT 
(DECODE  bgop  ■> 

\B  (toap<lBiB>  r (e  B taap<lSit>>  trr  1 NEXT  erori*(  c » lotip<lB>>|  abr  » toap<16tB»>| 

M (taap<Bit>  (c  t tsap<7iB>)  trr  1 NEXT  erorbiB  ( e tOMp<B>>|  bsbr  (oap<7iB>> 

) NEXT  1 

soincc  NEXT 
sslscc  NEXT 

cvrorsB  (v  » n nor  c>  NEXT 

urlto 
END; 

I rotate  loft  and  rotato  lad  bgts,  rol  sp  cods  mil,  rsib  op  cods  ElBBl 
IROLSli-  begin 

(DECODE  bgcp  a> 

( ROLsanop  NEXT  (dcond  a>  (drolianop>>>t 
( ROLBianop  NEXT  (dcond  a>  (drolbianop))) 

) NEXT 
dost  NEXT 
road  NEXT 
tosp  a sbr  NEXT 
(DECODE  bgcp  a> 

(taBp<16iO>  a (e  • lsap<lSil>>  tri  1 NEXT  erolia  ( c a taap<lB>>|  i*r  a to^<lSiB>>| 
^(•■P<Bii>  a (c  g toap<7iB>>  tri  1 NEXT  crolbia  ( e a tobp<B>>t  bsbr  a tsnp<7iB>> 

) NEXT 
sotnee  NEXT 
soizcc  NEXT 

cvrolta  (van  SOP  c)  NEXT 

urlto 
END  I 

! arithastlc  shMi  right  and  arlthsotlc  shill  right  bgts,  asr  op  cods  ftM2,  sorb  op  cods  #1BB2 
IflSNS2i-  BEGIN 

(DECODE  bgcp  a> 

( RSR:anep  NEXT  (dcond  a>  (dasrtanop>>>t 
( RSRBianop  NEXT  (dcond  a>  (daorbianop))) 

) NEXT 
dost  NEXT 
road  NEXT 
tosp  a sbr  NEXT 

casria  (c  a taap<0>>  NEXT 

(DECODE  byop  a> 

(taBp<lSiO>  a (taspslStOa)  tsr  lssp<lS>  NEXT  sbr  a ta^i<lSiB>>| 

(tanp<7iB>  a (toop<7iB>>  tsr  ts«p<7>  NEXT  sbr  a tsap<Sil>) 

) NEXT 
satnec  NEXT 
satzee  NEXT 
(van  HOP  c)  NEXT 
UP  I to 


evasrta 
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I srilhmile  thHl  lafl  and  •rtihMite  (liilt  (•ft  k«la,  Ml  m eMa  IMtl,  Mik  a»  aaka  MNS 
iaSL\3i>  BEGIN 

(DECODE  b\|aa  ■> 

( nSLianaa  NEXT  (NaanN  ■»  (NaaltM»aa>>)| 

( PBLBianaa  NEXT  (NaaiHl  ■>  (Naalktuaall) 

) NEXT 

daal  NEXT  , 

raad  NEXT  • • 

taap  mbr  NEXT 
(DECODE  bi^ea  ■> 

(<aM<10it>  ••(at  la^liiB*).  tal  • NEXT  aMli*(  a * laM<l*»>l  ta^lBiB>>| 

(taM<0i0>  » (e  • «aM<TiB>)  tal  • NEXT  aMibiat  a » taM<*»>l  akr  » la«a<7it»> 

> NEXT 
salnea  NEXT 
saliea  NEXT 

cvaaliB  (v  * n aar  a)  NEXT 

“•■•(a 

ENOj  ■ . , 


I Mark  and  unuaad  ap  eadaa,  aark  ap  aada  MOM 
nORKNacBECIN 

IF  net  Jatap  ■> 

ap  • (ap  * (d  tal  •li<liiB>  NEXT  pa  •>  rlSI  NEXT 
■ar  ap  NEXT 
raad  NEXT 

rlSI  akri.tB  >^<1#  ♦ ElalkiB* 

END|  ' 

I nova  Iroa  pravleua  Inairuallon  and  data  apaaa,  alpl  m aada  iBBBI,  atpd  ap  aada  MBM 

! 11/7B  inatruetlona 

IlFPSSia  ((dcend  ■>  (aalpianapll  NEliT 
(DECODE  Jalap  ■>  napinapl); 

• aeva  to  pravlaua  Inatruetlan  and  data  apaaa,  atpl  ap  aada  MBBB,  atpd  ap  aada  MBBB 

! 11/7B  inatruetlona 

IITPNBin  ((deond  ■>  (aatpianop))  NEXT  ^ 

(DECODE  Jatap  ■>  nept  nap))}. ^ ,, 

I aign  aatand  and  unuaad  op  aada,  aat  op  aada  flM7 
SXT\7i-  BEGIN 

IF  net  Jatep  ■> 

(deond  ■>  (daatianapi)  NEXT 
daat  NEXT 
road  NEXT 

(DECODE  n » abr  r Bi  abr  a #177777)  NEXT 

coKto  (i  not  nt  V » •)  NEXT 

Nr  I to 
END 

EHo»  . ■ . 
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I condlilon  eod§  opiralori.  ••(•cllvalu  cImti 
) or  ■•I*  tha  tpoclilod  eendttlon  coda. 

I tha  aaaaatolar  raeogniias  iha  anaMniet 
I elc,  civ,  clz,  cin,  cee  <<or  claar  all 
I condition  cedaa),  aae,  aav,  tat,  tan,  and  ace. 
I coapound  aattinq  or  elaarinf  la  aeeaapl lahad 
1 by  orlny. 

cco  ta 

BEGIN 

IF  (concop  aql  #6085)  ■> 
cecota  (DECODE  ccep  •> 

\$  ee  a ec  and  not  I<3i0>| 

M cc  a ec  or  I<3i0> 

) 

END  I 


cpuconScpu. control. inatructlona  la 
BEGIN 

IF  contop  aql  0 a> 

BEGIN 

DECODE  cpuop  a> 

I halt,  halt  op  coda  0000800 
HLT\0ta  a a 2, 

I unit  tor  Interrupt,  ualt  dp  coda  0000001 
EURlTMtaa  a 1| 

I return  trea  Interrupt,  rtl  ep  cede  0000002 
NTI\2i.  BEGIN 

Bar  a tp  NEXT 
read  NEXT 

pc  a abri  ap  a (ap  * 2)<lSi0>  NEXT 
aar  a ap  NEXT 
read  NEXT 

pa  a abri  ap  a (ap  ♦ 2)<15i0> 

END  I 

I breakpoint  trap,  bpt  op  coda  0000009 
BPTN3ia  BEGIN 

tp  a (ep  - 2><15i0>|  abr  a pa  NEXT 
urita  NEXT 

ap  a (ep  - 2)<1S<0>|  Hir  a po  NEXT 

urita  NEXT 

aar  a 014  NEXT 

read  NEXT 

pc  a abr  NEXT 

aar  a 016  NEXT 

read  NEXT 

pa  a abr 

END; 

I Input/eutput  trap,  lot  ep  coda  0000004 
lOTSii.  BEGIN 

tp  a (ap  - 2)<1S|0>|  abr  a pa  NEXT 
urita  NEXT 

ap  a (ap  - 2><lSi0>t  abr  a pe  NEXT 
urita  NEXT 
aar  a 020  NEXT 
read  NEXT 
pe  a abr  NEXT 
aar  a 022  NEXT 
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read  NEXT 
pi  » akr 
EN0( 

I nut  •Ktirnal  bui,  mil  op  codt  M0IMS 
RSETSSisbui.niot; 

I roturn  troo  trap,  rtt  op  eodo  MI6I0( 
RTT\6i-  BEGIN 

Mr  IP  NEXT 
road  NEXT 

pc  k bbr;  ap  » (ip  * 2)<lSiB>  NEXT 
Mr  - IP  NEXT 
read  NEXT 

pi  » abri  IP  - (ip  « 2><lSi(> 

END  I 

! unuiod  op  coda 
\7  nop 
END 

END; 

proconNprograa.con  tro  I • tnitruct  iona  t ■ 

BEGIN 

) DECODE  contop  ■> 

! ! raturn  troa  lubroutlna,  rti  op  coda  #01128 

I RTSNSi-  BEGIN 

; pc  - rldrl  NEXT 

■ar  tp  NEXT 
raad  NEXT 

I sp  •-  (tp  ♦ 2)<15t0>  NEXT 

I rldrl  ► bbr 

[ END; 

I 

[ ! unuaad  op  coda 

[ \1  nop; 

!■  uniiiad  op  coda 

\2  nop; 

I 

i ! lat  priority  laval,  ipl  op  coda  #80023 

! 11/70  initructlon 

[ SPLS3:a  nop; 

I ! NEXT  lour  op  codai  ara  condition  eodo  lattinq 


S4 

cco; 

\5 

cco; 

\6 

cco; 

\7 

cco 

END; 
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r 


r•geN^r•gi■l•r.op•r•l lontia 
BEGIN 

DECODE  rop  ■> 

I cpu  control  Inotruellono 
\B  epueoni 

I Juapt  Jap  ap  coRo  fNOI 
JNPMi>  BEGIN 

doot  NEXT 
pc  •>  aar<lSii> 

ENOi 

I progroB  control  Inotruellono 
\2  proeont 

I OHop  bgtos,  ouob  op  eodo  MOBS 
SURBSSi-BEGIN 

(dcond  ■>  (dOMObi*nop)>  NEXT 
doot  NEXT 
road  NEXT 

loap  babr  | Bbr<lSil>  NEXT 
coHopta  (n  a loap<7>i  z a (loap<7iB»  ogl  Di 

V t|  c NEXT 
urito 
END 

END  I 
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branopSbranch.op.cedtiia 

BEGIN 

DECODE  Jalep  t brap  ■> 

I raqiatar  inalructioni 
SB  ’’aqopi 

! branch,  br  op  coda  BBBBa 
BRMia  branchi 

I branch  IP  nol  aqual,  bna  op  <.  da  Mill 
BNESZia  <IF  not  z ■>  braneh)| 

f branch  IP  aqual,  baq  op  coda  Mil* 

BEQNSia  <IF  1 a>  branch) I 

! branch  IP  qraalo-  than  or  aqual,  bqa  op  coda  MI2I 
BCES*<a  (IP  nol  In  Hor  v>  a>  braneh)| 

I branch  IP  loaa  than,  bit  op  coda  MI2* 

BLTSSia  (IP  (n  aor  v>  a>  branch) | 

I branch  IP  qraalar  than,  bql  op  coda  MISI 

BCTNGia  (IP  not  (Z  or  (n  aor  v))  a>  branch) | 

■ branch  IP  laaa  than  or  aqual,  bla  op  coda  MIS* 
BLES7:a  (IP  (z  or  (n  aor  v))  ■>  branch)! 

I branch  IP  plua,  bp  I op  coda  #1188 
BPlMliadP  not  n ■>  branch)! 

I branch  IP  lolnua,  bal  op  coda  #118* 

BhlMliadP  n B>  branch)! 

! branch  IP  hiqhar,  bhi  op  coda  #1111 

BHIM2>b(IP  (nol  e)  and  (not  z)  ■>  branch)! 

I branch  IP  louar  or  sana,  bloa  op  coda  #111* 
BLDSM3:adP  (c  or  z)  a>  branch)! 

( branch  IP  ovarlleu  claar,  bvc  op  codo  #1121 
BVCM*:>dP  nol  v ■>  branch)! 

I branch  IP  ovartlou  aat,  bva  op  coda  #112* 
BVSSlSiadP  V a>  branch)! 

I branch  IP  carry  claar,  bee  op  coda  #1131 
BCCMBtadP  nol  c ■>  branch)! 

t branch  IP  carry  aat,  bca  op  coda  #113* 

BCSM7indP  c ■>  branch) 

END! 
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intantS 


cnau I t ■ 

CZMilta 

evMUlla 

CCMilla 


endlvta 

czdlvta 


Inlaqor.axtandad.ep.eodatiB 

BEGIN 

DECODE  intep  ■> 

I Intagar  auMIpIg,  aul  op  coda  M7I 
I 11/4B  PMlanriad  tnatruettan 
nULSIi.  BEGIN 

(dcond  >>  (aaulianop))  NEXT 
daat  NEXT 
raad  NEXT 
(DECODE  BNr<15>  ■> 

M (DECODE  rlir)<lS>  ■> 

\t  laBp2»(Barar larl)<31iB>| 

\I  («aap2-(abr«(HINU8  rlBr)))<3IiB>  NEXT 

laap2»(HINUS  1aBp2><32iB>) 

)| 

M (DECODE  r(ir)<IS>  » 

\B  (laap2-( (HINDS  aar)arlarl)<31ia>  NEXT 

laBp2» (HINDS  tai^2)<32iS>>| 

\1  laap2-((niNDS  aNr)a(HINUS  p|arl)><3IiB> 

) 

) NEXT 

(notaBp2<3I>)  NEXT 
(z-(taap2<3Iii>  aql  •)>  NEXT 
(v^B)  NEXT 

(c-(laap2<3Iil6>  NED  #177777)  OND  (1aap2<3IilS>  NED  l>>  NEXT 
(DECODE  Br<B>  ■> 

\B  (r(Br)»taBp2<31tI6>  NEXT 

riar  OR  #ll«>taap2<16il>>  | 

\1  r (Br)*laap2<ISiB> 

) 

END( 

) intagar  divida,  div  op  coda  #B7i 
! 11/40  aMtandad  inalruetlon 
DIVMi.  BEGIN 

(deendn>(BdiviBnap>>  NEXT 
daat  NEXT 
raad  NEXT 

( IF  (Bbr  NED  0)  ■> 

(DECODE  abr<15>  ■> 

\B  (DECODE  rlarl<lS>  ■> 

\0  (taBp2«-(rlar)gr[Br  OR  fl))<31ia>/Bhr  NEXT 

rtar  OR  #ll»(r larltr (ar  OR  #ll>taap2<lSiO>aal)r><lBiO>  NEXT 
v<-(r(ap)  CTR  abr)  >f 

M (taap2-(HINDS  rlarlfrlar  OR  #1) )<31i0>/abr  NEXT 

rIar  OR  #11  - (HINDSIHINDS  rIariNrIar  OR  #11  - tatv2<16iB>aabr>><lSiO>  NEXT 
taap2-(niNDS  ta^i2)<32i0>  NEXT 
vr(  (HINDS  rlarl)  CTR  abr)  > 

>1 

M (DECODE  rlarl<lS>  » 

NO  (taap2r(r(Br}ar(ar  OR  #1) )<31i0>/ (HINDS  abr)  NEXT 

r(ar  OR  #1)  r (HINDS  (rlarltrlar  OR  #11  - taap2<15i  Bra  (HINDS  abr)>><lSiB> 

taap2- (HINDS  taap2><37i0>  NEXT 
V (rlarl  CTR  (HINDS  abr>)  )| 

\1  (taap2r  (HINDS  r(ar}«r(ar  OR  #11 ) <31 iB>/ (HINDS  abr)  NEXT 
/Voal*  O”  '*'^1  *-  (PIPUS  riarltrlar  OR  #11  - *aaip2<lSiB>a(HlND8  abr)  )<lSiB> 
v«(  HINDS  r(arl  CTR  HINDS  abr  ) ) 

) 

) NEXT 

(n-taap2<31>)  NEXT 
(zr(tanp2<31iB>  EQL  B)) 

) NEXT 
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cvdkvii 

ccdlvii 


(vflHbr  EQL  •>  OR  v)  NEXT 
(c»(Bbr  EOL  •>)  NEXT 
r l■rl»t•■^2<lSl•> 

ENOt 

I shtit  arllhMileally,  ath  op  eodt  dt72 
nSHS2i.  BEGIN 

(dcend  ■>  (daihsanep))  NEXT 

doat  NEXT 

road  NEXT 

loap  > ritrl  NEXT 

BEGIN 

DECODE  ahiign  ■> 


Cloap<18!B»-(ctlOBp<lSiB>)  talB  thval  NEXT 
( e*'laBp<16>>>| 

((DECODE  toap<15>  -> 

\B  taBp<lSiO»'taap<16iB>  TarB  ((nal  ahwal)«l)| 

M laBp<15iO»-to«p<16iB>  tarl  ((not  ahvaOall)  NEXT 

(c»laap<B>)) 


ENO  NEXT 
aotnce  NEXT 
■otace  NEXT 

(v*taBp<lS>  Kor  Bbr<lS>)  NEXT 
r lar]»taBp<lStl> 

END| 

I arithaalleal  thill  ceablnad,  aihe  op  eodt  #873 
! 11/78  axtandad  Inilruellon 
nSHCSSi-  BEGIN 

(dcond  ••>  (dathcisnop))  NEXT 

dail  NEXT 

road  NEXT 

toap  >■  r(irl  NEXT 

(DECODE  trxBx  -> 

\8  BEGIN 

DECODE  thilqn  ■> 


cnathe: 

czaihcs 

cvathc: 


(toBp2<32:B»-(ca(laap<lS>8>tr (or  OR  #11))  t«l8  thval  NEXT 
(c>-taap2<32>))| 

((DECODE  1a«p<lS>  » 

\8  taap2<31i8><-(laBp<15t8>arltr  OR  #11)  ttrO  ((not  •hval>tl)| 

\1  taap2<31t8><-(loap<lSi8>8r(tr  OR  #1))  tori  ((net  ohvaOal))  NEXT 

(c*-laap2<8>)) 


DECODE  thti9n  ■> 

\8  (laop2<16:0»-(cStaop<lSi8>)  tolB  thval  NEXT 

( c»laop2<lB>))| 

\1  ((DECODE  laop<15>  ■> 

\8  tanp2<lSi8»-tanp<15iB>  ttrO  ((not  thval)tl)| 

\1  taap2<15t8»-tonp<lSi8>  tarl  ((not  ahvaDtl))  NEXT 

(c*-toBp2<0>)) 

END)  NEXT 

(DECODE  tr<8>  » n-ltBp2<31>|  n<-(OBp2<15>)  NEXT 

(DECODE  tr<8>  » z«-(tanp2<31i8>  oql  8)|  z>-(tonp2<lSi8>  oql  8)  ) NEXT 

(DECODE  ar<8>  ■>  v»((oBp2<31>  xop  iibp<15>)|  v»(tonp2<lS>  xer  nbr<lS>))  NEXT 

(DECODE  ar<8>  ->  (r [tr)rloBp2<31ilB>  NEXT  riar  OR  #ll»tonp2<lSi8>) ; (r(ar)«-toa|i2<15i8>>) 


I oxclutiva  or,  xor  op  coda  #871 
EXORSlfBEGlN 

(dcond  ■>  (dtMorivnop))  NEXT 
datt  NEXT 
raad  NEXT 
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leap  k rltrl  nor  akr  NEXT 
abr  » laap  NEXT 
aalnec  NEXT 
■alice  NEXT 

cbMorta  (v  » •>  NEXT 

arMa 
ENOi 

I raaalning  inatruetlont  11/4S  flaaling  unwbtk  op  coPoo 

NS  nepi 
\6  nop; 

S0IS7I-  BEGIN 

rltrl  (riorl  - l)<lStl>  NEXT 

(IF  riarl  nog  • ■>  pc  » (pc  - lr<SiB>  tal  •)<liit>) 

ENO 

END; 

(sreonSf  loot tng.point.preeoooor.aodo.eonirol  ;■ 

(DECODE  (doop  ■> 

NB  BEGIN 

DECODE  faaop  ■> 

I copy  Hooting  condition  eodot,  etce 
! op  coda  #17MBB 
efccNO  ta  nop; 

I tot  oinglo  proeition  Hooting  aodo,  oott 
I op  eodo  #17SBS1 
sotfM  la  nop; 

I oot  oinglo  proelolon  Intogor  aodo,  ootl 
f op  coda  #17IBB2 
toti\2  la  nop; 

I unuoad  op  coda 
N3  nop 

ENO; 

\1  BEGIN 

DECODE  (aaop  a> 

I unuaad  op  coda  dl7SBlB 
NB  nop; 

I cat  doubla  praciaion  Hooting  aodo, 

I aatd  op  coda  #17BB11 
aotdNl  la  nop; 

I cot  double  proelolon  Intogar  aodo,  aotl 
I op  coda  fl7BB12 
act IN2  la  nop; 

! unuaad  op  coda  #17BB13 
N3  nop 

ENO 

>1 

faIngINI  loot  Ing. point. oinglo, operand.  Inatruot  Iona  la 

R-ni 


t 


ds 
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r 

K 


(OECOOE  4d  ■> 

M BEGIN 

OECOOE  fuep  ■> 

■ claar  lloa(tn9,  cirt  op  cedt  il7$* 
elrl\t  !■  I (deend  ■>  delrltsnep)  NEXT  doilli 

( Idtt  tioalinq,  iitl  op  cede  #17t6 
tit<M  !■  ((deend  ■>  dlil<i«nep>  NEXT  detlli 

f (era  abeelutd  value,  abal  op  cede  /17N 

I abb(\2  !■  ( (dconri  ■>  dabilisnep)  NEXT  debl)| 

I negate  dealing,  negl  ep  coda  #1717 
nagl\3  la  ( (deend  a>  dnaglis  nepi  NEXT  deal) 

I ENO; 

) \1  BEGIN 

I OECOOE  (uop  a> 

i I elear  dealing,  eird  ep  eeda  #I7B4 

^ elrd\S  la  ( (deond  a>  deirdta  nep)  NEXT  deil)| 

I leal  dealing,  laid  op  eeda  #I7K 

* latdM  la  ( (deond  a>  dialdia  nep)  NEXT  daat)| 

I (era  abaoluta  value,  abad  ep  eeda  #17N 
abadS2  ta  ( (deond  a>  dabadia  nep  ) NEXT  deaOi 

I negate  dealing,  nagd  ep  cede  fl7B7 
nagdSS  la  ( (deend  a>  dnagdia  nep)  NEXT  deal) 

ENO 

»; 

IppeonM loadng. point. preeaaaor.eontrol  la 
(DECODE  fuop  a> 

I dealing  atalua  ragialor  Balling  Inalruedena 
\R  (areon; 

! lead  Ipp  procaaaor  alatua  uord,  Idipa  ep  coda 
I #17B1 

IdfpaM  la  ( (deend  a>  didipata  nep)  NEXT  daal)| 

I btora  Ipp  preeoaaor  atalua  uord,  allpa  ep  eeda 
I #17(2 

8dpBN2  la  ( (deond  a>  dadpaia  nop)  NEXT  deat)| 

! alora  Ipp  alatua  Including  aMeapden  addraaa  pbinter, 
! atat  ep  cede  #1703 

slatNS  la  ( (deond  a>  daiatia  nep)  NEXT  daat) 

IpaNlM  leal  Ing.polnt.preceaaer.  lepta 
(OECOOE  Id  a> 

BEGIN 

OECOOE  Ibop  a> 

I Heating  point  preeaeaer  aoda  cenirel 
NO  Ippeont 


I Heating  point  unlarg  Inalruedena 
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\1  iBinqti 

I fleatinf  Miltiply,  aulf  op  cod*  PlTlIn 
■ulf\2  !■  ( (deond  ■>  daullia  nep)  NCR!  dpilii 

I ■ulllply  and  tnlagpriit  tioalinf,  aedi  op  cod*  fl714a 
aodfNS  la  ( (deend  ■>  daodli*  nep)  NEXT  deetli 

I lloalinq  add,  add!  ep  eeda  dl72ta 

add4\4  la  < (deend  a>  daddlia  nep)  NEXT  deal>i 

( lead  Ilealinq  raqialar,  ld<  ep  cede  #1724a 
ldl\S  la  ( (deend  a>  didlia  nep)  NEXT  deat>| 

I (loalinq  aubtrael,  eubl  ep  eeda  /173fx 
aubt'.S  la  ( (deend  a>  diublia  nep)  NEXT  deal>| 

' (loalinq  eeapara,  eapi  op  eeda  dl734n 
eapINT  la  ( (deend  a>  denplia  nep)  NEXT  dail)| 

I Btera  (loalinq  .-eelttar,  all  ep  eeda  #174Sa 
bI(M(  la  ( (deend  a>  deKia  nep)  NEXT  daal)| 

I (loalinq  divide,  dlv(  op  eeda  #1744m 
dIvISll  la  ( (deond  a>  ddivlta  nep)  NEXT  daal)| 

I Blora  (loalinq  aMpenanI,  alaap  ep  eeda  #17S(m 
alaMp\12ta  ( (deond  a>  dalaapia  nep)  NEXT  doal)| 

I Blora  and  eenvarl  (roa  (loalinq  le  Inlaqer,  ale  ep  eeda  flTSda 
\13  (DECODE  (I  a> 

alcdM  la  ( (deend  a>  delellia  nop)  NEXT  deat)| 

alellM  la  ( (deend  a>  dilcdia  nep)  NEXT  daBt))| 

I convert  (re*  (loalinq  elnqla  lo  (loalinq  double  preelalen, 

I alc(d  ep  eeda  fl78(ic 

Bte(d\14ia  ( (deond  a>  deleldia  nop)  NEXT  dail>| 

I load  (loalinq  axponeni,  Idexp  op  code  #1764m 
IdoxpMSia  ( (deond  a>  dldaxpia  nep)  NEXT  daa()| 

I load  and  eonvarl  (roa  Intaqar  lo  (loalinq,  Ide  op  coda  fl77lM 
M«  (DECODE  (I  a> 

ldcl(\t  la  ( (deend  a>  dIdeKia  nep)  NEXT  deaDi 

IdcKM  la  ( (deend  a>  dIdoKia  nep)  NEXT  doal))| 

I load  and  eonvarl  (roa  (loalinq  double  le 
I (loalinq  ainqia,  lded(  ep  coda  #1774x 
ldcd(M7ia  ( (deend  a>  dlded(ia  nep)  NEXT  deal) 


END; 

BEGIN 

DECODE  (bop  ii> 

I (loalinq  point  proceaier  aode  cenirel 
\0  (ppceni 


I (loalinq  point  unlarq  Inalruetlena 
M (Binqii 


I (loalinq  aulllply,  auld  ep  eode  /171lx 
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■uldNZ  ( (deond  •>  dsuldia  nep>  NEXT  datl>i 

t Multiply  and  Inlayarija  lloallny,  Modd  op  coda  fl7Ua 
BwddSS  >•  ( (deond  •>  dsoddia  nop)  NEXT  daat>| 

I Heating  add,  addd  op  coda  #172lx 

adddM  ■■  ( (deond  •>  daddd:>nop)  NEXT  daat)| 

I load  lloating  ragiatar,  Idd  op  coda  #1724k 
IddNS  !■  ( (dernd  •>  dldd:anop)  NEXT  daat)| 

I floating  aubtract,  aubd  op  coda  fl73(a 
BubdSS  >■  ( (deond  >>  daubdianop)  NEXT  daal>t 

I floating  coapara,  capd  op  coda  #1734x 
CMpdV?  !■  ( (deond  ■>  dcopdianop)  NEXT  daa(>| 

' atora  floating  ragiatar,  atd  op  coda  #174lx 
atdMS  ■■  ( (deond  •>  datdianop)  NEXT  daat>| 

I floating  divida,  divd  op  codo  #1744x 
divdMl  )•  ( (deond  ■>  ddivdianop)  NEXT  daal)| 

I atora  floating  axponant,  ataxp  op  coda  fl7S8x 
BtaxpdM2:a  ( (deond  •>  dataxd:anop)  NEXT  daa()| 

I atora  and  convart  froa  floating  to  Intagar,  ate  op  eoda  fl7S4x 
\13  (DECODE  (I  » 

B(edi\0  la  ( (deond  b>  datedlianop)  NEXT  daat); 

atedlM  la  ( (deond  a>  datedlianop)  NEXT  daat))| 

I conuart  froM  floating  doubla  to  floating  aingla  praelalen, 

I stedf  op  eoda  #1760x 

stedf\14ia  ( (deond  a>  datedfianop)  NEXT  daat); 

I load  floating  axponont,  Idaxp  op  eoda  dl764K 
IdaxpdMSia  ( (deond  a>  dldaxdianop)  NEXT  daat)| 

I load  and  eonvart  IroM  Intagar  to  floating,  Ide  op  codo  #1770x 
M6  (DECODE  fl  a> 

IdeidVO  la  ( (deond  b>  didcldianop)  NEXT  daat)) 

IdcldM  la  ( (deond  a>  didcldianop)  NEXT  daa(>)| 

I load  and  eonvart  fron  floating  aingla  to 
I floating  doubla,  Idcfc  op  codo  fl774x 
ldcfdM7|a  ( (deond  a>  didcfdianop)  NEXT  daat) 

END 


>1 


L 
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cUiiopSiicondary.dicodi.  Into.eluiMi* 
BEGIN 

OECOOE  lypaop  ■> 

I aubreut  ln*/*Mil«(ar  trap 
\B  aubaati 

I aingla  eparand  elaaa 
\1  ainqlopt 

I ahXI  oparalora 
M;  ahltlepi 

■ unuaad  op  codaa 
\3  nop 

END; 


ax  topSaa  tandad. op. codaa t ■ 

BEGIN 

DECODE  Jatop  ■> 

I intagar  axtantad  Inalruellona 
\B  intaxti 

I floating  point  Inatructlona 

\1  fpoxt 

END; 


rooaropNraaarva. op. coda:  ■ 
BEGIN 

DECODE  raaop  a> 
\8  branop; 

\1  claaaop 

END; 
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i 

f 

I 

[ 

t 


I 


•N«eS tnitruet len.AMaeullenia 
BEGIN 

DECODE  bop  ■> 

I rotorvod  op  eodo 
SB  poooropi 
I Mvo  and  aovo  byto 
I MV  op  coda  Ml,  Mvb  op  coda  #11 
INOUMt-  BEGIN 

(DECODE  byop  » 

( noVfnop  NEXT 

(acond  ■>  (•■evianop))  NEXT 

( dcond  ■>  (dpovianep)))} 

( noVBsanop  NEXT 

(acond  ■>  (oMvbianop))  NEXT 

( dcond  ■>  (dMvbianepII) 

> NEXT 
aourca  NEXT 
taap  arc  NEXT 
CMvta  (v  8)  NEXT 

aalncc  NEXT 
aalzcc  NEXT 
daat  NEXT 

■br  tanp<lSi8>  NEXT 

url  to 

END; 

! coap**'*  eonpara  byta 

I cap  op  coda  #82 
I capb  op  coda  #12 
ICNPN2I-  BEGIN 

(DECODE  byop  ■> 

( CRPi-nop  NEXT 

(acond  ■>  (acnpianop>>  NEXT 

( dcond  *>  (deaptMnpp)>)f 

( CNPBi-nap  NEXT 

(acond  ■>  (acapbtanop))  NEXT 

( dcond  ■>  (deapbiaiiop))) 

) NEXT 
aourca  NEXT 
daat  NEXT 
road  NEXT 
(DECODE  byop  ■> 

\8  taap  r (orc<lS>8>  * (NOT  abr>  ♦ l)<18t8>i 
\1  taap  (are<7t8>  a (NOT  abr<7i8>l  * ll<8i8> 

) NEXT 
aatncc  NEXT 
aatzcc  NEXT 

ccapta  ((DECODE  byop  a>  c » NOT  taBp<16>|  e a NOT  taapcBa)  NEXT 

(DECODE  byop  ■> 

\e  V a (loop<15>  aqv  abr<lS>)  and  (are<lB>  aor  abr<lS>)| 
\1  V a (taap<7>  apv  abr<7>>  and  (tre<7>  aor  Bbr<7>) 

)) 

END; 

I bit  toat  and  bit  taat  byta 
! bit  op  coda  #83,  bitb  op  coda  #13 
IBITNSi-  BEGIN 

(DECODE  byop  a> 

( BlT:-nop  NEXT 

(acond  a>  (abltianop))  NEXT 

( dcond  a>  (dbi1tanop>>>| 

( BlTBianop  NEXT 

(acond  a>  (abllbtanepl)  NEXT 
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( deond  ■>  (dbllhiMi«^))t 

> NEXT 
■eurea  NEXT 
dtal  NEXT 
raad  NEXT 

taaip  are  and  abr  NEXT 
aalnec  NEXT 
aatxcc  NEXT 

ctaltia  (v  •> 

EN0( 

I bit  elaar  and  btl  claar  byla 
! bic  op  coda  #04,  bleb  op  eada  #14 
IBIC\4ia  BEGIN 

(OECOOE  byop  ■> 

( BlCianep  NEXT 

(aeend  ■>  (abicianep))  NEXT 

( dcond  ■>  (dbietBnep>>)| 

( BICBi-nop  NEXT 

(aeond  ■>  (ablebianep))  NEXT 

( deond  ■>  (dblebianap))) 

> NEXT 
aourca  NEXT 
daat  NEXT 
raad  NEXT 

leap  - <nol  arc<lStt>)  and  nbr  NEXT 
aalnec  NEXT 
aatiec  NEXT 

cblcia  (v  •>  NEXT 

■br  r labp<lSiN>  NEXT 

Mr  I la 

ENOt 

! bit  act  and  bM  aa<  byte 
I bia  op  coda  #B5,  blab  op  coda  #15 
IBISNSo  BEGIN 

(DECODE  byop  ■> 

( BISi-nop  NEXT 

(aeond  >>  (ablatinop))  NEXT 

( dcond  ■>  (dblaianop>))| 

( BISBi-nop  NEXT 

(aeond  ■>  (ablabi-nop))  NEXT 

( deond  ■>  (dblabianop))) 

) NEXT 
aourca  NEXT 
daat  NEXT 
raad  NEXT 

tanp  arc<lSiB>  or  nbr  NEXT 
aatnco  NEXT 
aatzcc  NEXT 
cblaiB  (v  - B)  NEXT 

nbr  . tonp<lSil>  NEXT 

urlta 

ENOi 

I add  and  aubtract 
\6  BEGIN 

DECODE  byop  ■> 

I add,  add  op  coda  #n 
RDDNBi-  BEGIN 

(aeond  a>  (aaddionop))  NEXT 
(dcond  ■>  (daddianop))  NEXT 
aourca  NEXT 


B-119 


POP-11  ISP  DESCRIPTION  lS-3 


r 


c- 

I caddSB 


I 

i 

k. 

t 

! subtract,  tub  op  coda  #16 
SUBSlia  BECIN 

byop  6 HEKT 

(tcond  ■>  (stubs unop))  NEXT 
(dcond  n>  (daubs anop))  NEXT 
tourct  NEXT 
dost  NEXT 
raad  NEXT 

tasp  - (nbr  « (NOT  src)<15s6>  ♦l)<16s6>  NEXT 
tv  (src<lS>  xor  abr<lS>)  and  (tre<lS>  t^v  totip<lS>)  NEXT 
c - NOT  toiip<16>)  NEXT 
satncc  NEXT 
satzce  NEXT 
sibr  c Isnp<15s6>  NEXT 
urita 
ENO 

END; 

! oxtandad  Instruction  sat 
\7  ax  top 

ENO 


ERflLCEO 


f 

i 


CtUbS  n 


dast  NEXT 
road  NEXT 

taap  - (src<lSsO>  » Bbr><16s0>  NEXT 

(v  » (sre<lS>  aqv  Bbr<lS>>  and  (sre<lS>  xor  tanp<16>>  NEXT 

c - taBp<16>)  NEXT 

satncc  NEXT 

satzce  NEXT 

nbr  r tanp<lSsl>  NEXT 

urita 

END; 


PDP-11  ISP  DESCRIPTION  lS-1 


! 

IlMln  ■•quane*  o4  tha  lap  daaerlpdon 

I 

t 

llnatruellon  Intarpratatlon  preeaaa 

I 

I 

I InlarMnatruct  Ion.  inlarpratal  Ionia 

1 BEGIN 

IF  run  a> 

Mar  r pc  NEKT 

L (IF  are<15il3>  aql  t a>  ar2  a Har<lSiB>)  NEXT 

^ byop  a e NEXT 

road  NEXT 

f ir  a Bbri  pc  a (pc  a 2><lSiB>  NEXT 

I byop  a I<1S>  NEXT 

i OKoc  NEXT 

[ ■ Intor 

I END 


) land  e(  daacripllon 


! 

t 


I 

i 

I 
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1.  Sample  Simuletlon  Run 


The  following  is  a transcript  of  a typical  session  using  the  ISP  simulator.  The 
session  consists  of  running  one  of  the  benchmarks  (Bit  Test,  Set,  and  Reset)  on  the 
PDP-11.  A listing  of  the  benchmark  program  appears  after  the  session.  Comments 
have  been  added  for  clarity. 

The  input  for  a simulation  session  consists  of  several  files  prepared  off-line. 
These  files  include;  The  benchmark  program  (derived  from  the  assembly  listing),  a 
driver  (simulation  commands  used  to  initialize  the  parameters  for  the  benchmark),  A 
command  file  with  a list  of  unimplemented  instructions  (these  must  be  trapped),  and 
finally,  a command  file  with  a list  of  those  ISP  procedures  which  must  be  "opaqued" 
(these  are  the  procedures  during  which  the  activity  counters  are  disabled). 

ru  pdplln 

ISP  SinULRTOR  V3  - MRL  RRF  STRCE  2 

Friday  18  Sap  76  17:13i$e  PDPlin. lSPILtianB2SI 

SERIRLIZRTION  COHPLETEO 

SPACE  ALLOCATED 

TYPE  HELP  FOR  HELP 

TYPE  <ESC>  TO  INTERRUPT  SIHULRTION  LOOPS 

>raad  fadl.sin  I Raad  in  tha  banettaark  4Ma 

»RADIX  OCTAL 

»DECH0  I Tha  banchbark  <lla  disablas  lha  Hat  Ins 

I on  tha  uaar  toralnal. 

>>188  LINES  READ 

>road  ta.drS  I Road  In  tho  dr  Ivor  tllo 

»•  HERE  CONES  THE  DRIVER  tCRLLS) 


» 


»SETVAL 

NH (38881 -813746  886282 

1 NOV 

adS282,-(SP> 

1 

F 

»3ETVnL 

HH (38821 -813746  886284 

1 NOV 

a<6264,-(SP) 

I 

N 

»SETVAL 

NU (38641 -812746  884888 

1 rav 

#4888, -(SP> 

1 

R1 
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»SETVM. 

mi  I3BMI  •412740 

006200 

1 HOV 

f62N,-ISP> 

1 K 

»SETVm. 

HU  13010)  •412740 

0062N 

1 HOV 

06200, -ISP) 

1 u 

»SETVM. 

NU 130121  •404737 

OOlON 

1 JSR 

PC,o01000 

1 BTSR 

« 

Ill 

•1 

A 

A 

HU  13014)  •400000 

1 NLT 

» I Th«  abov*  aaquanea  of  POP-11  Inatructlena  puah  tha  paraaalara 

I onto  tha  stack,  call  tha  banehsark  at  a routine,  and  hall. 

»SETVIIL  nil  120861  •■123467  071234  1670N  146070  I IIT  STOING 

»SETVRL  mil2S001r0  I RETURN  CODE 

»SETVIIL  nil  12501] •■2  I F 

»SETVIIL  nu  12582)  •■26  I N 

»SETVRL  nu  126031  rO  I UORK  RRER 

» 

»SETVRL  PC-OOOe 
»SETVnL  SP-200 

I Tha  abevo  saqusnea  Initial Ixos  tha  data  (paraaalara),  tha  alack 
I pointer  and  tha  prograa  countar  (uhlch  non  points  to  tha  coda 
I aaquanea  that  pushes  tha  paraaatars  and  call  tha  rout  Ins. 
»SETVnL  n«-0  I This  Is  a ISP  Intarnal  variable  - Indicates  uhsthor  tha 
t Machine  Is  running,  haltad,  or  Mailing. 

»l  RUNNING 

»SETCTR  RLL  8,0 
» I RESET  COUNTERS 

»RER0  OPail.SINIL410ltB25l 
»>  I POPll  OPRQUEO  PROCEOURES 

»>DECH0 

>»53  LINES  RERD 

»REflD  UU011.Sin(L410nB2S] 

>»l  UNINPLEHENTEO  OPERRTION  BREAKS 

»>DECH0 

»>15  LINES  RERO 

»TRRCE  IR,PC,R,nH10  1 Traca  a fau  aalactsd  ragislars 

! IR  Is  tha  Instruction  Rogistar, 

I PC  is  the  Prograa  Cwuntor  (RI7)>, 
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»BRERK  JSR.RTS 
>>26  LINES  RERD 


>atiirl  Intar 


BRERK  AFTER  JSR 
•satetr  all  B,B 


acont 


I RIBiTI  ara  lha  9aaarat  rafUtara, 

I milO  la  tNa  I/O  Mff«  (>  '■  M*eaO  MU> 


I Braak  on  aalaelaN  Inatraetlena 


I Haro  HO  atort  lha  olMlatlan 


INTER 

IR 

>#137*6 

INTER 

*029 

PC 

-#6862 

SINCO 

*022 

R 

I#7).#666t 

DOECRO 

*021 

R 

I#B]-#176 

INTER 

IR 

-#13746 

INTER 

*029 

PC 

-#6686 

SINCO 

*022 

R 

(#7) -#6616 

DOECRO 

*021 

R 

I#61-#174 

INTER 

*015 

IR 

-#12746 

INTER 

*029 

PC 

-#6812 

SINCO 

*022 

R 

[#71-#6814 

DOECRO 

*021 

R 

t#61-#172 

INTER 

*015 

IR 

-#12746 

INTER 

*029 

PC 

-#6616 

SINCO 

*022 

R 

l#7I>#6e26 

ODECRO 

*021 

R 

I#61-#176 

INTER 

*015 

IR 

-#127*6 

INTER 

*029 

PC 

■#6822 

SINCO 

*022 

R 

t#7)-#6824 

DOECRO 

*021 

R 

1461 -#166 

INTER 

*015 

IN 

-#4737 

INTER 

*029 

PC 

-#6628 

I Tha  olaulatlon  ataea  on  a braakaolnl 


I Tha  root  banehnork  otorto  bam,  no  nnat 
I roaot  all  counlora  (thay  nam  aaBIflaB 
I during  lha  banahaark  aalllng 


I MO  eanllnua  lha  aihulallon 


DINCRD 

4#22 

R 

(#71 -#6638 

JSR 

4#14 

R 

I#71-#6836 

JSR 

4#1S 

PC 

-#1888 

INTER 

4#1S 

IR 

-#18846 

INTER 

4#28 

PC 

-#1882 

DOECRO 

4#21 

R 

l#61-#162 

INTER 

4#1S 

IR 

-#161*6 

INTER 

4#26 

PC 

-#188* 

ODECRO 

4#21 

R 

(#61 -#168 

INTER 

4#15 

IR 

-#6876 

INTER 

*029 

PC 

-#1866 

OINDO 

*09 

PC 

-#1816 

INTER 

*015 

IR 

■#16688 

INTER 

*029 

PC 

-#1812 

SINOO 

*09 

PC 

-#1614 

UNITE 

*0131 

nuio 

(#3746661 -«25 

INTER 

*015 

IN 

-#42766 

C-4 


INTER 

*029 

PC 

■mis 

SINCO 

*022 

R 

(f7).#IS2S 

URITE 

*0131 

nuio 

If374SSn.#l 

INTER 

*01S 

IR 

-#12761 

INTER 

*029 

PC 

■#IS22 

SINCO 

*022 

R 

(#7).flS2a 

URITE 

*0131 

nuio 

(#3746111 ■#! 

INTER 

*01S 

IR 

-#72166 

INTER 

*029 

PC 

-#1626 

CVRSH 

*07 

R 

(#ll-#46 

INTER 

«#iS 

IR 

-#16666 

INTER 

*029 

PC 

-#1636 

SINOO 

*09 

PC 

■#1632 

URITE 

NUIO 

(#3746661  -#2S 

INTER 

■»#IS 

IR 

-#72627 

INTER 

*029 

PC 

-#1634 

OINCRO 

*022 

R 

(#71-#16S6 

CVRSH 

*07 

R 

(#61 -#2 

INTER 

•»#IS 

IR 

■#66666 

INTER 

*029 

PC 

■#1646 

SINOO 

*09 

PC 

■#1642 

URITE 

«#I31 

miio 

(#3746661 -#4662 

INTER 

*«1S 

IR 

■#136116 

mTER 

*029 

PC 

-#1644 

INTER 

*019 

IR 

-#1462 

INTER 

*029 

PC 

-#1646 

BRANCH 

*09 

PC 

-#16S2 

INTER 

«#IS 

IR 

■#22766 

INTER 

*029 

PC 

■#16S4 

SINCO 

*022 

R 

(#71-#16S6 

OINOO 

*09 

PC 

■#1666 

INTER 

4#IS 

IR 

■#146S 

INTER 

*029 

PC 

■#1662 

BRANCH 

*09 

PC 

-#1674 

INTER 

4#IS 

IR 

■#iseii6 

INTER 

*029 

PC 

-#1676 

INTER 

*019 

IR 

-#773 

INTER 

*029 

PC 

■#1166 

BRANCH 

*09 

PC 

-#1666 

INTER 

*019 

IR 

-#12661 

INTER 

*029 

PC 

-#1676 

SINCO 

*022 

R 

(#61 -#162 

URITE 

*0131 

nuio 

(#3746611 -#6 

INTER 

4#IS 

IR 

-#12666 

INTER 

*029 

PC 

-#1672 

SINCO 

*022 

R 

(#B1-#164 

URITE 

4fl31 

nuio 

(#3746661 -#6 

INTER 

4flS 

IR 

-#267 

INTER 

*029 

PC 

-#1674 

REHK  AFTER  RTS 


Muletr  f«dl.ra3 


t RTS  ^ PC 
• RTS  ^#7  R 


t tht  iliiulAtlon  ilepi  at  tht  and  ef  tha 
I banehaark  (lha  raturn  inalruetlon) 

I Ha  duap  all  tha  eauntara  Inte  a Ilia 

I Ha  cant  Inna  lha  alMilatlon 


-#lS7t 

(#7)>j«sse 


f 


• INTER  4«1S  IN 

• INTER  *n%  PC  ■#6632 

SinULRTION  CONPLETEO 


I M •H«eut«d  th«  Hall  Inatructlon 


RUN  TINE (18  uaac  unlla>.631676 
RTN  OPS  ENECUTE0-4S35 


>aMlt  I ua  (Inlah  lha  aaaalan 

EXIT 


C-6 


2.  Siwutation  Command  Fllw;  Btnchmirh  Prfltfjm 


RROIX  OCTAL 
OECHO 


ICFAF 

nACNll 

V863F 

S-JUL- 

76  12>S4 

PACE  1 

IBTSRl  nil 

1 

1 

1 

80100 

.TITLE 

CFAF 

1 

2 

60260 

1 BM 

tael,  sol 

, or  roast  subrouttn# 

! 

3 

80360 

1 CFR  pregrH  F 

, CnU  pregrai 

Msr  3 - 

! 

4 

08400 

1 0 Jum  1978 

1 

S 

80500 

.CLOBL 

BTSR 

I 

6 

oeoaee 

08600 

R0>X8 

1 

7 

080006 

00708 

SP>X8 

8 

888887 

08006 

PC-X7 

9 

00900 

1 

18 

81060 

1 I attuM  that 

bits  ars  nusbarad  Ir 

I 

11 

01100 

( of  a 

Herd. 

! 

12 

01260 

1 

! 

13 

01300 

t Offaati  el  paraaalars  Ires 

stack  p 

I 

14 

01406 

i 

I 

15 

066004 

81506 

SAVE-4 

1 us  nssd  to 

sava  2 

16 

01666 

1 

17 

600016 

01760 

F-12-SRVE 

1 function  coda 

18 

000014 

61806 

N-ie*SAVE 

( rsiativo  bit  nusba 

19 

060012 

01968 

AU6«SAVE 

1 addrass  of 

bit  str 

28 

088616 

82600 

RC-4-SRVE 

1 addrass  of 

return 

21 

000006 

62186 

U0RK-2aSAVE 

1 addrass  of 

Mork  ar 

22 

02200 

» 

23 

eeooeo' 

62300 

BTSRi 

24 

eoooeo' 

610646 

02406 

nov 

R6,-(SP) 

25 

890002' 

010146 

02500 

nov 

R1,-(SP> 

26 

000004' 

065076 

660010 

02660 

CLR 

tRCtSP) 

1 *• 

27 

800010' 

016600 

000614 

82706 

nov 

NtSPl.RO 

1 9« 

28 

800014' 

642760 

177778 

62600 

BIC 

#177778,88 

1 

29 

000020' 

612701 

068001 

82980 

nov 

#1,R1 

39 

000024' 

072100 

03600 

ASH 

R0,R1 

1 kH 

31 

000026' 

616680 

666014 

63166 

nov 

N(SP>,R8 

32 

880032' 

872627 

177775 

03268 

ASH 

f-3,RB 

1 Ny 

33 

680036' 

866666 

608012 

63366 

ROD 

RKSPl.RO 

j th 

34 

600042' 

136110 

63406 

BITS 

RI.ORO 

35 

000044' 

061462 

03506 

BEQ 

LI 

36 

000046' 

065276 

006018 

03666 

INC 

•AC (SP> 

t th 

37 

666652' 

622766 

606682  068016  03790 

Lit 

Clip 

#2,F(SP> 

1 so 

38 

066060' 

601465 

03800 

BEO 

SET 

39 

666062' 

100601 

63986 

BPL 

QUIT 

I 

48 

006664' 

148110 

04660 

BICB 

R1,8R8 

1 FC 

1 

41 

060066' 

612601 

04166 

QUITi 

nov 

(SP>«,R1 

; •» 

42 

066076' 

612660 

64206 

nov 

(SP>4.R0 

43 

006672' 

866207 

84360 

RTS 

PC 

44 

068674' 

150118 

84460 

SETi 

BISB 

81,888 

1 FC 

45 

886670' 

066773 

84500 

BR 

QUIT 

46 

808601 

84088 

.END 

ICFAF 

nACNll 

V883F 

S-JUL- 

•76  12i54 

PAGE  1-1 

IBTSRl  nil 


•A1 

- 686012 

BTSR 

68666686 

F 

■ 066016 

LI 

666852R 

• N 

■ 660014 

PC 

■X608007 

QUIT 

86606IR 

RC 

- 686016 

• R6 

-7600600 

R1 

■X060601 

R2 

■X606602 

RS 

■SI6066S 

IR4 

>7600004 

RS 

■xooooes 

R6 

■X800606 

R7 

■X860607 

!SAVE 

> 000004 

SET 

066874R 

SP 

■xoooon 

UORK 

- 806666 

).nOCN. 

■ 860663 

, 

- 886188R 

! 


CFpr  nncNii  vaesF  s-JUL-7e  I2i54  page  1-2 
BTSRl  nil 


• ERRORS  DETECTEOi  e 

I 

' *btsrl,bt»rl>-btirl 
I TOTAL  t OF  PST  ACCESSES  - 22 
! TOTAL  # OF  11/4S  INSTRUCTIONS  ■ 2 

• RUN-TinE:  1 SECONDS 

• CORE  USEOt  4K 

I 

! H«ri  bagin  th*  glnulatlon  eoMMndi 

I dartvad  froa  tha  abeva  Ktllnq 

t raleealien  addraaa  ■ Mord  411  (eelal)  ■ byla  IIH 

I 

SETVAL  t1M(4eeK8iee46 

3ETVAL  nu  14811 -816146 

SETVAL  nu (4621 -885076  666816 

SETVAL  nu (4641 -616666  666614 

SETVAL  MH (4661 -642766  177776 

SETVAL  nu (4181 -612761  668661 

SETVAL  nU14121-e72166 

SETVAL  nu (4131 -616666  680614 

SETVAL  nu (4151 -672627  177775 

SETVAL  nu (4171-666686  660612 

SETVAL  nu (4211 -136116 

SETVAL  nu  (4221-881462 

SETVAL  nu (4231 -665276  666610 

SETVAL  nu  (4251 -822766  668662  666816 

SETVAL  nu  (4301 -661465 

SETVAL  nU(4311-166681 

SETVAL  nU(432}-146116 

SETVAL  nu  (4331 -812681 

SETVAL  nu (4341 -612686 

SETVAL  nu (4351 -666267 

SETVAL  nu (4361 -158116 

SETVAL  nu  (4371 -666773 

ECHO 
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! 
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IV.IILa.  Simulation  CoiwMnd  FII-:  Drhwr  Pro«f«n 


I HERE  COHES  THE  DRIVER  (CRLLS) 


SETVRL 

nu  130061 »013746 

665262  1 

nov 

•15262, -(SP) 

1 f 

SETVRL 

HH 130621 >613746 

665264  1 

nov 

•65264, -(SP> 

1 n 

SETVRL 

nu 136041 >612746 

664666  1 

nov 

64666, -(SP> 

1 

SETVRL 

nu 136061 >012746 

665266  1 

nov 

65266, -(SP) 

1 «C 

SETVRL 

nu 136101 >612746  005266  1 

nov 

6S2N,-(SP) 

i H 

SETVRL 

nu 136121 >664737  661666  1 

JSR 

PC,«616N 

1 BTM 

SETVRL 

nu  136141  >6666H 

1 

HIT 

SETVRL 

nu  120661  >123457  671234  1676N  145676 

1 BIT  STRIN6 

SETVRL 

nu  125061  >6 

1 

RETURN  CODE 

SETVRL 

nu 125611 >2 

1 

F 

SETVRL 

nUI2S02l>25 

1 

N 

SETVRL 

nui2S631>6 

1 

UORK  RRER 

f SETVRL  PCt-eeae 

I SETVRL  SP.-28e 

. SETVRL  R>-e  I RUNNIHC 

[ SETCTR  RLL  0,6  I RESET  COUNTERS 

' RERD  OPail.SintL410nB2SI 

RERD  UUOll.Sin(L410ff|26l 

I TRRCE  IR, PC, R,nU10 

I BRERK  JSR,RTS 

■*  ' 


C-9 


CFA  Report 


October  1,  1976 


! PDPll  OPRQUEO  PROCEDURES 
OECHO 

OPROUE  CROC 
OPRQUE  CRDD 
OPROUE  CRSH 
OPRQUE  CRSNO 
OPRQUE  CRSHBC 
OPRQUE  CRSHCl 
OPRQUE  CRSHC2 
OPRQUE  CRSHCB 
OPROUE  CRSL 
OPRQUE  CRSLB 
OPRQUE  CRSR 
OPRQUE  C61C 
OPRQUE  CBIS 
OPRQUE  CBIT 
OPRQUE  CCCO 
OPRQUE  CCLR 
OPRQUE  CCtIP 
OPRQUE  CCOH 
OPRQUE  CEXQR 
OPRQUE  CtlOV 
OPRQUE  CNRSHC 
OPRQUE  CNEG 
OPRQUE  CROL 
OPRQUE  CRQLB 
OPRQUE  CRQR 
OPRQUE  CRQRB 
OPRUUE  CSfiC 
OPRQUE  CSUB 
OPRQUE  CSURP 
OPRQUE  CSXT 
OPRQUE  CTST 
OPRQUE  CVRSH 
OPRQUE  CVRSHC 
OPRQUE  CVRSL 
OPRQUE  CVRSR 
OPRQUE  CVROL 
OPRQUE  CVROR 
OPRQUE  CZflSHC 
OPRQUE  SETNCC 
OPRQUE  SETVCC 
OPRQUE  SETZCC 
OPRQUE  SIGNER 
OPRQUE  CNNUL 
OPRQUE  CZnUL 
OPRQUE  CVnUL 
OPRQUE  CCtlUL 
OPRQUE  CNOIV 
OPRQUE  CZOIV 
OPRQUE  CVOIV 
OPRQUE  CCOIV 
ECHO 
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I UNinPLEHENTEO  OPERnTION  BREPKS 
OECHO 

BRERK  RFP  I HFPI.nPPO 

BRERK  HTP  I HTPl.RTPO 

BRERK  SPL 
BRERK  nUL 
BREAK  OlV 

BRERK  FPEXT  I CFCC.8ETF,SET1,SET0,SETL 

I CLRF.TSTF,RB8F,NE0F,CLR0,T8T0,RBSD.NE6B 
I DFPS.STFPS.STST 

I miLF,nODF,RDOF,LOF,SUBF,CHPF,BTF,DIVF,STEXP, 
I STCFI,8TCFL,9TCF0.L0ENP,LDC]F,LDCLF,LDCDF, 

I miLD,HaOD,RDDD,LOO,8UBD,CnPO,8TO,DI«0,8TEXP, 
I STCDI,8TC0L,8TC0F,L0EKP0,L0CI0,L0CL0,LDC0F 

ECHO 
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